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Abstract 
 
Although there is evidence to support the efficacy of aphasia rehabilitation, individuals’ 
response to treatment is often variable. It is currently not possible to determine who will 
respond to a particular treatment and the degree to which they will recover. The objective 
of this thesis was to evaluate the relationship between treatment parameters, participant 
characteristics and aphasia therapy success for adults with chronic, post-stroke aphasia. 
Specifically, we investigated the effect of treatment intensity on language and 
communication outcomes in adults with aphasia. As anomia is a predominant 
characteristic of aphasia, we further sought to understand the influence of language and 
cognitive ability on anomia therapy outcomes.  
 
A non-randomised, parallel-group, dosage-controlled, pre-post-test design was employed. 
Thirty-four adults with chronic aphasia were recruited to participate in the study. Prior to 
commencing therapy, a comprehensive language and cognitive assessment battery was 
administered. Three baseline naming probes were administered in order to establish sets 
of 30 treated and 30 untreated items. Participants completed the comprehensive, aphasia 
rehabilitation program, Aphasia Language, Impairment and Functioning Therapy (Aphasia 
LIFT). Therapy consisted of impairment, functional, computer and group-based aphasia 
therapy. Participants were allocated to an intensive (LIFT; 16 hours per week, 3 weeks) 
versus distributed (D-LIFT; 6 hours per week, 8 weeks) treatment condition. Both groups 
received 48 hours of aphasia therapy. Treatment outcomes were evaluated immediately 
post-therapy and at 1 month follow-up. Outcome measures were collected across the 
World Health Organization’s International Classification of Functioning, Disability and 
Health domains. The outcomes of this clinical study form the basis of this thesis.  
 
Aphasia LIFT had a positive and enduring effect on measures of participants’ language 
impairment and functional communication. With respect to impairment-based measures of 
word retrieval, distributed therapy resulted in significantly greater gains on the Boston 
Naming Test at post-therapy and 1 month follow-up compared with intensive therapy. 
Aphasia LIFT resulted in comparable naming gains for treated and untreated items at post-
therapy and 1 month follow-up when delivered in an intensive versus distributed schedule. 
At the individual level, we found a trend favouring D-LIFT with respect to the generalisation 
and maintenance of therapy gains for treated and untreated items. However, it is 
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acknowledged that this is a limited sample size and further research with a larger cohort of 
participants is required. In addition, Aphasia LIFT was found to have a positive effect on 
participants’ communication activity and participation at post-therapy and 1 month follow-
up, regardless of treatment intensity. Our findings suggest that a distributed treatment 
schedule is equally, if not more, effective than an intensive treatment schedule for adults 
with chronic aphasia.  
 
The remediation of word retrieval deficits was a predominant target of Aphasia LIFT. As 
such, we also considered the influence of language, verbal learning and cognitive ability 
on anomia therapy outcomes (i.e., naming accuracy for treated and untreated items). With 
respect to language measures, we found that lexical-semantic processing ability, as 
measured by the Comprehensive Aphasia Test (CAT), was a significant predictor of 
therapy gains for treated items. Furthermore, we found a strong, positive relationship 
between aphasia severity and therapy outcomes for anomia. At the individual level, 
participants’ locus of language breakdown was hypothesised based on a qualitative error 
analysis of individuals’ performance on the CAT and baseline confrontation naming 
probes. We found that participants with predominantly semantic deficits demonstrated the 
most varied response to therapy. In contrast, individuals with a hypothesised deficit 
mapping semantics to phonology generally responded positively to treatment.   
 
We measured participants’ verbal learning abilities using a novel word learning paradigm 
and found that therapy gains for treated items at post-therapy were correlated with novel 
word learning performance. We also evaluated the relationship between participants’ 
cognitive profile at baseline assessment and anomia therapy gains. We found that 
measures of verbal and nonverbal short-term memory, working memory and executive 
function significantly correlated with therapy gains for treated items at post-therapy and 1 
month follow-up.  Interestingly, only measures of short-term memory correlated with 
naming gains for untreated items.  
 
Overall, this research has advanced our knowledge of the factors influencing treatment-
induced language recovery in adults with chronic aphasia. The findings of this thesis have 
important theoretical and clinical implications for aphasia rehabilitation. Despite increased 
support for intensive rehabilitation services, our results provide support for a distributed 
model of aphasia therapy. Furthermore, this research has contributed to our understanding 
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of individual language and cognitive factors that may facilitate treatment-induced recovery 
from anomia. These findings have enhanced our knowledge of the mechanisms underlying 
treatment and may contribute to the development of targeted language interventions.  
Furthermore, the outcomes of this research may help to determine who is likely to benefit 
from aphasia rehabilitation and consequently support the efficacious delivery of 
rehabilitation services.   
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1. Chapter One 
Factors influencing treatment-induced recovery in adults with chronic, 
post-stroke aphasia: The role of treatment intensity, language and 
cognitive ability. 
 
 
2 
 
1.1 Introduction 
Aphasia is an acquired communication disorder characterised by an impairment in the 
language modalities of speaking, understanding, reading and writing (Chapey, 2001). 
Aphasia most frequently results from stroke and affects approximately 20% to 40% of 
acute stroke patients (L. Dickey et al., 2010; Engelter et al., 2006; Pedersen, Jorgensen, 
Nakayama, Raaschou, & Olsen, 1995). The majority of spontaneous recovery from 
aphasia occurs within the first 3 months post-stroke (Lazar et al., 2010; Pedersen et al., 
1995); however, approximately 40% of individuals will continue to demonstrate significant 
aphasia over 12 months post stroke onset (Laska, Hellblom, Murray, Kahan, & Von Arbin, 
2001). Studies indicate that people with aphasia have higher rates of mortality and 
experience worse functional (Bersano, Burgio, Gattinoni, & Candelise, 2009; Gialanella, 
Bertolinelli, Lissi, & Prometti, 2011) and psychosocial outcomes (Astrom, Adolfsson, & 
Asplund, 1993; Davidson, Howe, Worrall, Hickson, & Togher, 2008; Hilari, 2011; Lam & 
Wodchis, 2010; Ledorze & Brassard, 1995). Furthermore, the healthcare costs of aphasia 
are considerable (L. Dickey et al., 2010; Ellis, Simpson, Bonilha, Mauldin, & Simpson, 
2012). Due to the significant and enduring negative consequences of aphasia, it is 
important that we develop effective and efficient treatment methods.  
 
Extensive research has been conducted to evaluate the efficacy of aphasia rehabilitation 
(e.g., Brady, Kelly, Godwin, & Enderby, 2012). However, few studies have directly 
considered how aphasia rehabilitation facilitates change to individuals’ language and 
communication. As such, researchers have identified the need for a theory of therapy 
(Basso, 2003; Byng & Black, 1995; Caramazza & Hillis, 1993; Hillis, 1993; Robertson & 
Murre, 1999).  A theory of rehabilitation is important in order to better understand how the 
remediation of cognitive (including language) deficits occurs and consequently to develop 
targeted interventions (Basso, 2003; Caramazza & Hillis, 1993; Robertson & Murre, 1999). 
Caramazza and Hillis (1993) suggest that in order to establish a theory of rehabilitation, 
three issues need to be systematically explored. Firstly, it is important to have a thorough 
understanding of the nature of the damage to the cognitive system. With respect to 
aphasia, this involves obtaining a comprehensive assessment of individuals’ language 
impairment and communication functioning at baseline. Furthermore, it involves 
developing hypotheses as to the locus of individuals’ language processing impairments. 
Secondly, it is important to understand the characteristics of the individual and how these 
may affect treatment outcomes. Variables such as age, time post onset and aphasia 
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severity may influence individuals’ response to treatment. Furthermore, Caramazza and 
Hillis (1993) suggest that individuals’ residual post-stroke cognitive abilities may affect their 
capacity to learn (or relearn) skills in response to rehabilitation. Finally, an understanding 
of the dimensions of the treatment process, with respect to parameters of treatment, is 
required. For example, variables such as treatment schedule, or massed versus 
distributed training, may influence rehabilitation outcomes. A greater understanding of the 
role of each of these variables is necessary in order to develop a theory of rehabilitation 
and improve therapeutic outcomes for adults with aphasia.  
 
This thesis aimed to evaluate the influence of key participant characteristics and treatment 
parameters on language and communication outcomes in adults with chronic, post-stroke 
aphasia. Specifically, this thesis considered the influence of participants’ demographic, 
language and cognitive profiles on therapy-induced gains in response to a comprehensive, 
aphasia rehabilitation program. Furthermore, the effect of treatment intensity (i.e., 
intensive versus distributed therapy) on language and communication outcomes was 
investigated. This research provides critical information regarding factors that may 
influence aphasia rehabilitation outcomes. Furthermore, the findings of this thesis help to 
better understand some of the critical ingredients required for developing a theory of 
aphasia rehabilitation, as proposed by Caramazza and Hillis (1993).  
 
1.2 Treatment Intensity 
The development of treatment techniques for aphasia rehabilitation has been influenced 
by a number of different fields including basic neuroscience, education and cognitive 
psychology. These perspectives offer key insights into learning and memory and how 
these mechanisms may influence recovery from brain injury. Whilst neuroscience research 
aims to explore the relationships between structure and function of the human brain, 
cognitive science and cognitive psychology are grounded in the science of learning 
(Fitzpatrick, 2001). Fitzpatrick (2001) highlights the important connections between 
neuroscience and cognitive science research in helping to develop more effective 
rehabilitation interventions. Consequently, these perspectives may contribute to further 
advancing aphasia rehabilitation practice. 
 
One chief aim of neuroscience research is to understand how neural reorganisation occurs 
and to determine how neural repair may be optimised with behavioural interventions. The 
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concept of neuroplasticity is not new (e.g., James, 1890); however, in recent years there 
has been increasing interest in determining how principles of neuroplasticity might be 
applied to the rehabilitation of acquired brain injury, including aphasia. Kleim and Jones 
(2008, p. S225) define neuroplasticity as “…the mechanism by which the brain encodes 
experiences and learns new behaviours. It is also the mechanism by which the damaged 
brain relearns lost behaviour in response to rehabilitation”. Based on a review of this field, 
Kleim and Jones (2008) identified 10 key principles of neuroplasticity, directly relevant to 
rehabilitation, and these principles have influenced the development of new treatment 
techniques and rehabilitation approaches (e.g., Keefe, 1995; Raymer et al., 2008; Varley, 
2011).  
 
The principle Intensity Matters suggests that sufficient intensity of training is required in 
order to induce neuroplasticity and facilitate recovery (Kleim & Jones, 2008). This principle 
may have important clinical implications for the scheduling and delivery of aphasia 
rehabilitation services. Within aphasia research, treatment intensity is often defined as the 
frequency of intervention, in number of therapy hours per week (See Chapter 2.2.1 
Definition of Intensity for a comprehensive definition). The application of this principle to 
aphasia rehabilitation is particularly evident in the growing body of intensity research and 
in the proliferation of intensive treatment programs, such as Intensive Comprehensive 
Aphasia Programs (ICAPs) and Constraint Induced Aphasia Therapy (CILT) (Meinzer, 
Rodriguez, & Rothi, 2012; Persad, Wozniak, & Kostopoulos, 2013; Pulvermuller et al., 
2001; Rose, Cherney, & Worrall, 2013).  
 
Despite increasing research in this field, the evidence base for intensive aphasia therapy 
remains inconclusive (Brady et al., 2012; Cherney, Patterson, & Raymer, 2011). A key 
study conducted by Sage, Snell, and Lambon Ralph (2011) investigated the effect of 
treatment intensity on anomia therapy outcomes in adults with chronic aphasia, whilst 
controlling the total amount of therapy provided. Interestingly, this study revealed that non-
intensive therapy resulted in significantly greater naming gains, with respect to the 
maintenance of treatment effects, compared with intensive therapy when controlling the 
total dosage of therapy provided. Consequently, the findings of this study challenge the 
assumption that intensive treatment is superior for all individuals. Based on an extensive 
review of the literature and a survey of clinicians working in stroke rehabilitation, the 
Canadian Stroke Network Consensus Conference panel identified five priority areas of 
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stroke rehabilitation that warranted further investigation (Bayley et al., 2007). Further 
research to determine the ideal timing and intensity of aphasia rehabilitation was identified 
as a key research priority, because of the weak evidence base for intensity, the high 
prevalence of post-stroke aphasia and the potential negative consequences of aphasia on 
health-related quality of life. Consequently, further research into the role of treatment 
intensity in aphasia rehabilitation is required.   
 
1.2.1 Aims and Hypotheses 
Chapter Two provides a detailed review of the current evidence for the role of treatment 
intensity in aphasia rehabilitation, taking into consideration perspectives from 
neuroscience and cognitive psychology.  
 
The study reported in Chapter Three aimed to evaluate the efficacy of the comprehensive 
aphasia program, Aphasia Language Impairment and Functioning Therapy (Aphasia 
LIFT). Furthermore, this study aimed to investigate the effect of treatment intensity, when 
controlled for total therapy dosage, on language impairment, functional communication 
and communication-related quality of life outcomes in adults with chronic aphasia. In this 
study, the efficacy of two intensive treatment models were compared, a highly intensive 
model which included 16 hours of therapy per week for 3 weeks versus a more distributed, 
yet still intensive, model of 6 hours of therapy per week for 8 weeks. In addressing these 
research aims the following hypothesis was tested: 
 The comprehensive aphasia program, Aphasia LIFT, will result in positive gains on 
measures of language impairment, functional communication and communication-
related quality of life at post-therapy and 1 month follow-up. 
Furthermore, the following competing hypotheses were tested: 
 Intensive versus distributed aphasia therapy will result in superior language and 
communication outcomes immediately post-therapy in adults with chronic, post-
stroke aphasia.  
 Therapy gains will be better maintained after a period of intensive versus distributed 
aphasia therapy in adults with chronic, post-stroke aphasia.  
 
The study reported in Chapter Four of this thesis further investigated the effect of 
treatment intensity on language-impairment outcomes using both group-level analyses and 
an individual case-series design. A key priority of the impairment and computer-based 
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therapy provided in Aphasia LIFT was the remediation of word retrieval deficits. 
Consequently, accuracy of naming treated and untreated items was selected as the 
primary outcome measure. This study aimed to evaluate the efficacy of Aphasia LIFT on 
naming accuracy for treated and untreated items in adults with chronic aphasia. 
Furthermore, this study aimed to investigate the effect of treatment intensity on naming 
accuracy. The following hypotheses were addressed: 
 Aphasia LIFT will result in significant improvements in confrontation naming 
accuracy for treated and untreated items at post-therapy and 1 month follow-up.  
 Intensive versus distributed aphasia therapy will result in superior naming gains for 
treated and untreated items immediately post-therapy. 
 Naming gains for treated and untreated items will be better maintained after a 
period of intensive versus distributed aphasia therapy.  
 
1.3 Influence of Language Ability on Aphasia Treatment Success  
The individual case study (or case-series) design is frequently used in aphasia 
rehabilitation research and enables us to generate hypotheses regarding individuals’ locus 
of language breakdown and consequently evaluate the efficacy of a particular task or 
treatment (Nickels, 2002b). Anomia is a frequent symptom of aphasia and as such, has 
been the focus of much clinical research. Traditionally, the neuropsychological approach to 
language rehabilitation involves identifying individuals’ language impairment, relative to a 
healthy model of language processing, and devising a targeted treatment to remediate the 
impaired process(es). More recently, however, van Hees, Angwin, McMahon, and Copland 
(2013) provided evidence that targeting spared processes, rather than impaired 
processes, may actually facilitate anomia recovery. Although based on limited numbers, 
this finding suggests the need to re-evaluate some of these assumptions in order to better 
understand how treatment works at a theoretical level. Further research detailing 
individuals’ language impairment and response to aphasia intervention may help to make 
predictions regarding therapy outcomes. In addition, a case-series design including both 
individual and group analyses will enable a greater understanding of the mechanisms of 
aphasia therapy and participants’ response to treatment (Robey, Schultz, Crawford, & 
Sinner, 1999).  
 
Much research has been conducted to consider the impact of language-related factors on 
the spontaneous recovery of aphasia. Notably, initial aphasia severity is thought to 
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significantly influence recovery during the first 12 months post stroke onset; however, the 
direction of this relationship remains somewhat unclear.  Many studies identify initial 
aphasia severity as a negative prognostic factor of recovery (Basso, 1992; Lazar et al., 
2010; Pedersen et al., 1995; Plowman, Hentz, & Ellis, 2012). However, other studies have 
reported superior improvements in adults with severe aphasia compared with adults with 
mild to moderate aphasia (Nouwens et al., 2014; Robey, 1998). Although, it is 
acknowledged that this finding may also be influenced by ceiling effects in individuals with 
mild to moderate aphasia. Consequently, there is evidence that the initial severity of 
aphasia may influence spontaneous recovery and treatment response. However, further 
information about the nature of this relationship is still required.  
 
Few studies have explicitly considered the effect of aphasia severity on therapy outcomes 
in adults with chronic aphasia (Basso, 2003). Whilst, therapy-related language 
improvements in adults with severe, chronic aphasia have been demonstrated (Code, 
Torney, Gildea-Howardine, & Willmes, 2010; Conley & Coelho, 2003; Drew & Thompson, 
1999; Robey, 1998; Szaflarski et al., 2008), the role of aphasia severity at baseline as a 
predictor of therapy outcomes in adults with chronic aphasia remains uncertain. Lambon 
Ralph, Snell, Fillingham, Conroy, and Sage (2010) suggest that aphasia severity is an 
obvious predictor of treatment success; however, Basso (2003) caution that the 
relationship between treatment outcomes and aphasia severity may be more complex and 
further research is still required.  
 
Interestingly, in a meta-analysis of the sentence-production literature, M. Dickey and Yoo 
(2010) provide evidence to suggest that overall aphasia severity does not affect therapy 
outcomes. Instead, M. Dickey and Yoo (2010) found that therapy outcomes for syntactic-
based sentence-production treatment were significantly correlated with general auditory 
comprehension ability (i.e., single word and sentence comprehension), as measured by 
the Western Aphasia Battery (Kertesz, 2007). Consistent with this finding, Murray, Ballard, 
and Karcher (2004) also provide evidence to support the influence of general auditory 
comprehension ability, measured across linguistic levels using the Aphasia Diagnostic 
Profiles (Helm-Estabrooks, 1992), on sentence production therapy outcomes. It is 
hypothesised that auditory comprehension impairments may affect individuals’ ability to 
follow instructions and participate in treatment tasks, thus reducing the efficacy of 
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treatment. Furthermore, intact auditory comprehension may be an integral component of 
how the treatment works, further influencing therapy outcomes.  
 
Closely related to the influence of general auditory comprehension ability on therapy 
outcomes for aphasia is the role of lexical-semantic processing. Martin and Gupta (2004) 
suggest that intact single-word, lexical-semantic comprehension is necessary in order to 
achieve anomia therapy gains for people with aphasia. Specifically, Martin and colleagues 
(Martin, Fink, & Laine, 2004; Renvall, Laine, Laakso, & Martin, 2003; Renvall, Laine, & 
Martin, 2005) have provided evidence for the role of lexical-semantic comprehension on 
naming therapy gains in response to a contextual repetition priming treatment. From these 
studies, Martin and Gupta (2004) suggest that individuals with impaired lexical-semantic 
comprehension may fail to achieve treatment-induced gains because of impaired 
spreading activation of semantic representations and/or no change in the strength of 
connections between lexical-semantic and phonological representations. Consequently, 
the integrity of lexical-semantic comprehension may be an important determinant of 
treatment response in anomia rehabilitation.   
 
There is evidence that individuals’ language profiles, including aphasia severity and 
auditory comprehension/lexical-semantic comprehension, may influence the treatment-
induced recovery of aphasia (Lambon Ralph et al., 2010; Martin et al., 2004; Paolucci et 
al., 2005; Renvall et al., 2003; Renvall et al., 2005). The nature of the relationship between 
aphasia severity and treatment response remains uncertain, whilst previous research 
suggests that impaired auditory comprehension or (input) lexical-semantic processing may 
negatively affect treatment gains. Due to the heterogeneous nature of language 
impairment in aphasia and its potential impact on treatment response, this topic is an 
important consideration for research.   
 
1.3.1 Aims and Hypotheses 
The study reported in Chapter Four evaluates participants’ response to Aphasia LIFT at 
both the individual and group level. In addition to evaluating the role of treatment intensity, 
this study aimed to evaluate the relationship between individuals’ language profiles, 
including locus of language breakdown and aphasia severity, and naming gains for treated 
and untreated items. Furthermore, the studies reported in Chapter Five and Chapter Six 
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investigated the influence of individuals’ lexical-semantic comprehension on naming 
therapy outcomes. The following hypotheses were addressed: 
 Aphasia severity will influence anomia therapy gains for treated and untreated items 
immediately post-therapy and at 1 month follow-up.  
 Individuals with impaired lexical-semantic comprehension may demonstrate inferior 
naming gains for treated and untreated items compared with individuals within intact 
lexical-semantic comprehension.  
 
1.4 Influence of Learning Ability on Aphasia Treatment Success 
It is important to acknowledge that there are potential differences in the learning processes 
of healthy adults and adults with acquired neurological impairments, given possible 
damage to structures supporting normal learning processes. However, as yet we do not 
have a thorough understanding of the learning mechanisms in individuals with acquired 
neurological impairments (Basso, 2003). Consequently, the application of knowledge 
regarding learning in healthy individuals may help to better understand recovery in adults 
with aphasia and may inform rehabilitation techniques and approaches (Basso, 2003; 
Breitenstein, Kamping, Jansen, Schomacher, & Knecht, 2004; Carr, 2001). Baddeley 
(1993b, p. 238) defines learning as “any system or process, whether explicit or implicit, 
that results in the modification of behaviour by experience”. Language is a complex, 
human phenomenon and how language learning and recovery in adults with aphasia 
occurs is poorly understood. Consequently, some researchers have focussed on the role 
of learning in adults with aphasia and the potential application of learning theory to 
advance aphasia rehabilitation (Ferguson, 1999; Gordon, 1999; Howard, 1999).  
 
Individuals’ learning capacity is likely to influence therapy outcomes and as such, is an 
important direction for clinical research. A number of studies have explicitly evaluated 
verbal and non-verbal learning ability in adults with chronic aphasia (Gupta, Martin, Abbs, 
Schwart, & Lipinski, 2006; Kelly & Armstrong, 2009; Tuomiranta et al., 2011; Tuomiranta, 
Rautakoski, Rinne, Martin, & Laine, 2012; Vallila-Rohter & Kiran, 2013a, 2013b) and a 
detailed review of this research is provided in Chapter Five. This research has 
demonstrated that whilst individuals with aphasia are able to learn new information, both 
verbal and non-verbal learning mechanisms are impaired in adults with aphasia (Gupta et 
al., 2006; Kelly & Armstrong, 2009; Vallila-Rohter & Kiran, 2013a). Furthermore, consistent 
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with language function, learning ability is heterogeneous in the aphasia population (Kelly & 
Armstrong, 2009).  
 
An emerging body of research has employed the use of novel word learning to investigate 
verbal learning in adults with aphasia (Gupta et al., 2006; Tuomiranta et al., 2011; 
Tuomiranta et al., 2012). The use of unfamiliar pictures (i.e., novel semantics) paired with 
novel word forms in a novel word learning task is suggested to provide a relatively pure 
measure of individuals’ verbal learning capacity. However, to date, studies investigating 
the influence of novel word learning ability on treatment outcomes in adults with aphasia 
are lacking.  A greater understanding of the role of verbal learning, as measured using a 
novel word learning paradigm, in aphasia rehabilitation may help to better understand how 
therapy works. It is uncertain whether aphasia therapy operates via the learning of new 
information, the reactivation of existing knowledge, improved access and retrieval of 
representations, or a combination of these factors (Kelly & Armstrong, 2009). A detailed 
description of individuals’ novel word learning ability and their response to intervention 
may therefore assist us to better understand the mechanisms responsible for therapy-
induced changes. Furthermore, a greater understanding of the factors facilitating novel 
word learning may help to develop targeted language interventions, which take into 
consideration individuals’ learning profiles.  
 
1.4.1 Aims and Hypotheses 
Chapter Five aimed to investigate the influence of verbal learning ability, measured using a 
novel word learning paradigm, on anomia therapy outcomes in adults with chronic 
aphasia. This is the first study to directly investigate the relationship between novel word 
learning ability and anomia therapy success in adults with chronic aphasia. The following 
hypotheses were tested: 
 Adults with aphasia will demonstrate the ability to learn novel words, as measured 
by recognition and recall of stimuli in a novel word learning task.   
 Verbal learning ability, measured using a novel word learning paradigm, will 
significantly influence therapy gains for treated and untreated items immediately 
post-therapy and 1 month follow-up.  
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1.5 Influence of Cognitive Ability on Aphasia Treatment Success 
Although aphasia is defined as an acquired language disorder, researchers are 
increasingly recognising the role of cognitive factors, such as attention, memory and 
executive function, in the rehabilitation of aphasia (Lambon Ralph et al., 2010; Murray, 
1999; Seniow, Litwin, & Lesniak, 2009b). The study reported in Chapter Four considered 
the relationship between individuals’ language profiles and therapy gains for confrontation 
naming. However, Best and Nickels (2000) highlight the theoretical and methodological 
limitations in predicting individuals’ response to anomia therapy based on their language 
profile alone. Individuals’ with seemingly similar language impairments may exhibit 
different responses to the same treatment task (Nickels & Best, 1996a, 1996b). One 
hypothesis to account for these findings is that underlying cognitive impairments may 
contribute to the variability of treatment response in aphasia rehabilitation. As such, it is 
important to consider the influence of cognitive ability on language therapy outcomes in 
adults with aphasia.  
 
Several studies have demonstrated the importance of cognitive function on neuro-
rehabilitation outcomes (Galski, Bruno, Zorowitz, & Walker, 1993; Robertson & Murre, 
1999; Zinn et al., 2004). Consistent with these findings, Helm-Estabrooks (2002) suggests 
that participation in aphasia rehabilitation requires the active use of all cognitive domains 
(i.e., attention, memory and executive function). The integrity of cognitive functions is 
integral to the rehabilitation process and as such, may influence aphasia therapy 
outcomes. Keefe (1995) suggests that optimal attention to task during training may be 
necessary in order for cortical reorganisation and recovery to occur. Furthermore, 
adequate memory function is required in order to retain newly acquired skills and 
behaviours (Baddeley, 1993b). The incidence of cognitive impairments in adults with 
aphasia is high. El Hachioui et al. (2014) found that out of a sample of 147 adults with 
aphasia, 88% of individuals’ demonstrated impairment in at least one cognitive domain at 
3 months post stroke onset and 80% of individuals continued to demonstrate cognitive 
impairment(s) at 12 months post-stroke. Consequently, the presence of comorbid cognitive 
impairments in adults with aphasia is likely to influence participation in rehabilitation and 
negatively affect therapy outcomes.  
 
To date, a small number of studies have investigated the influence of cognitive ability on 
therapy outcomes for chronic aphasia (Fillingham, Sage, & Lambon Ralph, 2005a, 2005b; 
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Lambon Ralph et al., 2010; Snell, Sage, & Lambon Ralph, 2010; Yeung & Law, 2010) and 
this research is further reviewed in Chapter Six. These studies reported a significant 
relationship between cognitive ability and treatment-induced therapy gains. Specifically, 
executive function (Fillingham et al., 2005a, 2005b; Lambon Ralph et al., 2010; Yeung & 
Law, 2010), attention (Lambon Ralph et al., 2010; Yeung & Law, 2010) and visuo-spatial 
short-term memory (Lambon Ralph et al., 2010) were found to influence therapeutic 
outcomes. However, the contribution of individual cognitive functions remains somewhat 
uncertain. Furthermore, many of these studies provided a limited total dosage of therapy 
and/or included small sample sizes (Fillingham et al., 2005a, 2005b; Lambon Ralph et al., 
2010; Snell et al., 2010; Yeung & Law, 2010). As such, further investigation into the 
influence of cognitive ability on therapy gains in aphasia rehabilitation is warranted.       
 
1.5.1 Aims and Hypotheses 
Chapter Six reports the results of a study which aimed to investigate the effect of cognitive 
ability on confrontation naming gains for treated and untreated items at post-therapy and 1 
month follow-up. A secondary aim of this study was to explore the relationship between 
cognitive ability, anomia therapy outcomes and treatment intensity. The following 
hypotheses were tested: 
 Baseline cognitive ability, including attention, memory and executive function, will 
significantly influence naming gains for treated items at post-therapy and 1 month 
follow-up.  
 Baseline cognitive ability, including attention, memory and executive function, will 
significantly influence the generalisation of naming gains to untreated items at post-
therapy and 1 month follow-up.  
 
1.6 Summary 
Aphasia is a heterogeneous language disorder. Consequently, a variety of treatment 
approaches and techniques have been developed to remediate deficits in language 
function. Studies have provided general support for the efficacy of aphasia rehabilitation 
(Brady et al., 2012; Robey, 1998; Wisenburn & Mahoney, 2009); however, not all 
individuals’ respond to or benefit equally from intervention (Best & Nickels, 2000; Nickels & 
Best, 1996b; Plowman et al., 2012). A number of factors have been identified that may 
influence recovery from aphasia in the acute phase, such as stroke-related (e.g., site and 
size of lesion) patient-related (e.g., age, gender) and treatment-related factors (Laska et 
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al., 2001; Pedersen et al., 1995; Seniow et al., 2009b; Watila & Balarabe, 2015). However, 
it is difficult to ascertain predictors of treatment-induced recovery in the acute and 
subacute phase of stroke, because of the potential confounds of spontaneous recovery.  
 
Studies have demonstrated that intervention commenced in the chronic phase of aphasia 
recovery is efficacious (Allen, Mehta, McClure, & Teasell, 2012; Robey, 1998); although, at 
the individual level participants’ response to therapy and their degree of recovery is often 
varied. Investigation into factors that promote treatment-induced recovery in the chronic 
phase of aphasia may help to understand the mechanisms guiding recovery and to 
develop targeted interventions. Increasingly, studies have investigated the effect of 
language (i.e., aphasia severity, locus of language breakdown), cognitive (i.e., 
impairments in attention, memory, executive function and/or learning) and service-delivery 
(i.e., amount, duration and intensity of treatment) factors on therapy outcomes in adults 
with aphasia (Brady et al., 2012; Lambon Ralph et al., 2010). However, the results of this 
research are not conclusive. Many of the studies investigating factors influencing treatment 
success have provided a limited dose of therapy (Lambon Ralph et al., 2010) and/or have 
included small sample sizes (Ramsberger & Marie, 2007; Raymer, Kohen, & Saffell, 2006; 
Sage et al., 2011; Seniow et al., 2009b). Furthermore, much of the research in this field 
has been conducted in the acute/subacute aphasia population and as such, the findings 
may be confounded by spontaneous recovery (Bakheit et al., 2007; Godecke, Hird, Lalor, 
Rai, & Phillips, 2011; Goldenberg, Dettmers, Grothe, & Spatt, 1994; Martins et al., 2013; 
van de Sandt-Koenderman et al., 2008). Finally, several studies conducted to date have 
failed to control key methodological variables such as treatment type (Pulvermuller et al., 
2001) and dosage (Bhogal, Teasell, & Speechley, 2003; Brindley, Copeland, Demain, & 
Martyn, 1989; Denes, Perazzolo, Piani, & Piccione, 1996; Hinckley & Carr, 2005; Hinckley 
& Craig, 1998; Poeck, Huber, & Willmes, 1989).  
 
This thesis aimed to investigate the effect of language and cognitive ability, as well as the 
effect of therapy intensity, on treatment-induced recovery in adults with chronic, post-
stroke aphasia. A greater understanding of the factors that influence treatment-induced 
recovery has important theoretical implications for our knowledge of models of language 
processing. It also has important clinical implications for the management of aphasia. 
Treatment intensity is integral to the provision of effective and efficient aphasia 
rehabilitation services and consequently, establishing optimal treatment intensity has direct 
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implications for service delivery models. The outcomes of this research may also 
contribute to the development of targeted language interventions, which take into 
consideration individuals’ language, verbal learning and cognitive profiles, in order to 
enhance recovery. Furthermore, this research should advance our understanding of who is 
likely to benefit from aphasia rehabilitation and consequently facilitate optimal recruitment 
and distribution of therapy services.  
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2. Chapter Two 
Evidence for intensive aphasia therapy: Consideration of theories from 
neuroscience and cognitive psychology. 
 
 
There is evidence that the distribution of training, with respect to intensity, may influence 
the success of learning in healthy adults and individuals’ response to rehabilitation in 
adults with acquired neurological impairments. Chapter Two aimed to provide a 
comprehensive overview of the evidence for intensive aphasia therapy, drawing on 
research from basic neuroscience and cognitive psychology. The content of this chapter 
has been published in a manuscript entitled “Evidence for intensive aphasia therapy: 
Consideration of theories from neuroscience and cognitive psychology” in the American 
Journal of Physical Medicine and Rehabilitation (Dignam, Rodriguez, & Copland, 2016; 
Appendix A)1.  
                                            
1
 The content included in Chapter Two is identical to the accepted manuscript, however, has been modified 
to match the formatting of this thesis document (including reference style). As such, the number, size and 
positioning of figures and tables is different to that of the published version.  
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2.1 Abstract 
Treatment intensity is a critical component to the delivery of speech-language pathology 
and rehabilitation services. Within aphasia rehabilitation, however, there is currently 
insufficient evidence to guide clinical decision making with respect to the optimal treatment 
intensity. This review considers perspectives from two key bodies of research; the 
neuroscience and cognitive psychology literature, with respect to the scheduling of 
aphasia rehabilitation services. Neuroscience research suggests that intensive training is a 
key element of rehabilitation and is necessary in order to achieve functional and 
neurological changes post-stroke. In contrast, the cognitive psychology literature suggests 
that optimal long-term learning is achieved when training is provided in a distributed or 
non-intensive schedule. These perspectives are evaluated and discussed with respect to 
the current evidence for treatment intensity in aphasia rehabilitation. In addition, directions 
for future research are identified including study design, methods of defining and 
measuring treatment intensity and selection of outcome measures in aphasia 
rehabilitation. 
 
Key Words: aphasia, stroke, rehabilitation, intensity, neuroplasticity.  
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2.2 Introduction 
There is now sufficient evidence to support the general efficacy of aphasia therapy (Brady 
et al., 2012; Cicerone et al., 2000; Nickels & Best, 1996b; Robey, 1998; Whurr, Lorch, & 
Nye, 1992; Wisenburn & Mahoney, 2009). However, limited evidence exists to guide the 
optimal scheduling of therapy services for people with aphasia post-stroke. Evidence from 
the neurosciences literature, based primarily on animal models of motor recovery post-
stroke, suggests that intensive therapy is necessary in order to elicit significant 
neurological and behavioural changes (Kleim & Jones, 2008; Langhorne, Bernhardt, & 
Kwakkel, 2011; Pulvermuller & Berthier, 2008; Teasell & Kalra, 2005; Wang, Merzenich, 
Sameshima, & Jenkins, 1995). In contrast, the cognitive psychology literature, primarily 
involving studies of healthy adults, suggests that non-intensive or distributed learning 
schedules result in superior learning outcomes (Cepeda, Pashler, Vul, Wixted, & Rohrer, 
2006). The neuroscience and cognitive psychology literature seemingly differ with respect 
to the maintenance of learning gains, rather than the acquisition. Whilst neuroscience 
research asserts that intensive training facilitates acquisition, studies have demonstrated 
that treatment gains may not be consistently maintained upon the cessation of intensive 
training (Jenkins, Merzenich, & Recanzone, 1990; Keefe, 1995; Teasell et al., 2014). In 
contrast, the cognitive psychology literature suggests that a distributed training schedule 
promotes the long-term retention of learnt information (Cepeda et al., 2006; Dempster, 
1989). Consequently, it is important to distinguish between measures of treatment 
acquisition and long-term maintenance when considering rehabilitation outcomes.  
 
Within the aphasiology literature, studies investigating the role of treatment intensity have 
produced conflicting results (Brady et al., 2012). International clinical guidelines and best 
practice recommendations for the clinical management of stroke advocate for the provision 
of intensive rehabilitation services (Duncan et al., 2005; Hacke et al., 2008; Intercollegiate 
Stroke Working Party., 2012; Lindsay, Gubitz, Bayley, & Phillips, 2013; National Stroke 
Foundation., 2010); however, few direct recommendations are made regarding the optimal 
treatment intensity for aphasia rehabilitation. In clinical practice, speech-language 
pathologists are frequently required to make decisions regarding the scheduling of aphasia 
therapy, including the amount, intensity and duration of therapy required. However, these 
decisions are often based on service delivery factors, such as staffing and budget 
constraints, and may not be informed by empirical evidence. A recent randomised 
controlled trial conducted in the United Kingdom, Assessing Communication Therapy in 
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the North West (ACT NoW) (Bowen et al., 2012), has brought into question the 
effectiveness of current service delivery models for aphasia rehabilitation in the early 
stages of stroke recovery and has prompted the need for further research. Bowen et al. 
(2012) investigated the effectiveness of communication therapy delivered in the first 4 
months post-stroke by comparing ‘best practice’ speech-language pathology intervention, 
delivered at an average intensity of 1.4 hours per week (mean total of 18 hours over 13 
weeks), with a similar amount of social contact from an employed visitor.  The study was 
unable to differentiate between treatment and control groups on the primary outcome 
measure of functional communication ability at 6 months follow-up, suggesting no 
additional benefit of speech-language pathology intervention, when delivered at this low 
intensity, over that of social contact.  Whilst the ACT NoW study did not explicitly aim to 
evaluate treatment intensity, the study has initiated debate on the effectiveness of current 
service delivery models in aphasia rehabilitation (Code, 2012; Godecke & Worrall, 2012).  
Therapy intensity is a fundamental component of the delivery of speech and language 
services and consequently, is a pertinent area of research. Furthermore, in view of the 
significant negative consequences of aphasia and the increasing demands on health care 
services, it is important that we address the efficacy of service delivery models in aphasia 
rehabilitation.  
 
The aim of this review was to (1) evaluate and synthesise key findings from the 
neurosciences literature with regards to treatment intensity and its relationship with 
functional and neurological outcomes in rehabilitation, (2) analyse key findings from the 
cognitive psychology literature and consider the effect of training schedules on learning 
outcomes in healthy humans, (3) incorporate these perspectives with our knowledge and 
understanding of service delivery models and treatment intensity in aphasia rehabilitation, 
and (4) identify limitations in the current evidence base for treatment intensity in aphasia 
rehabilitation and propose a research agenda for future studies.    
 
A comprehensive review of the stroke and aphasia rehabilitation literature, as well as 
literature pertaining to learning theory and neuroplasticity, was undertaken. Studies 
evaluating treatment intensity in adults with post-stroke aphasia were considered.  Articles 
were accessed via multiple databases (Cochrane library, Web of Science, Scopus, 
CINAHL) and search terms included “aphasia”, “intensity”, “neuroplasticity”, “therapy”, 
“rehabilitation”, “distributed practice”, “spacing effect”, and “learning theory”. In addition, 
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the bibliographies of relevant studies were reviewed to identify further research articles. 
Relevant articles published in English prior to November 2014 were included in the review. 
This is the first narrative style review to consider key findings from both the neurosciences 
and cognitive psychology literature and interpret these findings with respect to the current 
evidence base for treatment intensity in aphasia rehabilitation. This review has implications 
for clinical practice and service delivery models in aphasia rehabilitation. Furthermore, 
establishing optimal treatment intensity is an important research question in the broader, 
multidisciplinary rehabilitation context, with implications for consumers, clinicians, service 
providers and policy makers. Consequently, this review also has clinical implications for 
the multidisciplinary rehabilitation and management of stroke.   
 
2.2.1 Definition of Intensity. 
Therapy intensity is a multifaceted construct which, until recently, has been difficult to 
define in speech-language pathology research. Within the aphasiology literature, intensity 
is commonly used to describe the frequency of therapy, in number of therapy hours per 
week. This definition is in contrast to studies of motor recovery post-stroke, which may 
consider the amount of effort expended during a therapy session or the number of times a 
particular task is repeated.  Hinckley and Carr (2005, p. 965) describe intensive therapy as 
“more treatment provided over a shorter amount of time”. However, there is great 
variability within the aphasia literature as to what constitutes intensive therapy, with studies 
ranging from 5 hours per week (Bakheit et al., 2007; Denes et al., 1996; Ramsberger & 
Marie, 2007) to over 20 hours per week (Brindley et al., 1989; Hinckley & Carr, 2005; 
Hinckley & Craig, 1998). Consequently, there is a need for consistent use of terminology 
and clear reporting of treatment variables in aphasiology research. Warren, Fey, and 
Yoder (2007) suggest the use of a standardised model for defining intensity where 
cumulative treatment intensity is comprised of dose form (i.e., the task in which the 
teaching episode is delivered), dose (i.e., the number of teaching episodes per session), 
dose frequency (i.e., the number of times a dose is provided per day and per week) and 
total intervention duration (i.e., time period over which an intervention is provided). To 
date, few clinical studies have provided the information required to be able to calculate 
cumulative treatment intensity based on this model (Cherney, 2012; Harnish, Morgan, 
Lundine, Bauer, & Singletary, 2014). For the purpose of this review, the amount of therapy 
provided, or therapy dosage, is defined as the total number of therapy hours, whereas 
intensity of treatment is defined as the number of therapy hours per unit time. The duration 
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of therapy is defined as the total period of intervention, measured in weeks or months. It is 
acknowledged that increasingly, clinical studies in aphasia and stroke rehabilitation are 
calling for greater control and reporting of treatment variables. This increased rigor is 
necessary in order to more accurately delineate the effects of treatment intensity on 
communication outcomes (Cherney, 2012). 
       
2.3 Neuroscience and Learning 
2.3.1 Principles of Experience Dependent Neuroplasticity 
It has been argued that rehabilitation is in essence a learning experience (Helm-
Estabrooks, 2002). Consequently, an increased knowledge and understanding of the 
neurological mechanisms underlying learning may help to develop new and effective 
treatment techniques and to inform our models of rehabilitation. Neuroplasticity describes 
the adaptive capacity of the central nervous system in response to internal and external 
influences and is the means through which we encode new experiences and learn new 
skills and behaviours (Kleim & Jones, 2008). It is also the means through which the 
damaged brain relearns skills and behaviours, for example in response to rehabilitation 
(Kleim & Jones, 2008). 
  
Keefe (1995) suggests that the functional outcome of stroke is a combination of the 
individual’s pre-morbid function, the neurological changes initiated by the stroke itself and 
the effect of environmental and behavioural influences on brain function and organization. 
Consequently, the ultimate goal of rehabilitation is to manipulate the environmental and 
behavioural experiences of the individual post-stroke in order to guide neurological 
reorganization in a way that facilitates recovery. Kleim and Jones (2008) proposed 10 
principles of experience-dependent neuroplasticity to inform rehabilitation and these 
principles have been further evaluated by Raymer et al. (2008) with respect to the 
rehabilitation of aphasia. These principles outline the critical features of the learning 
experience required to drive cortical reorganization and facilitate recovery. For example, 
Kleim and Jones (2008) suggest that rehabilitation be task-specific, salient, repetitive and 
intensive. Of the 10 principles, Intensity Matters, Repetition Matters, and Use it or Lose it 
have significant clinical implications for the scheduling and distribution of rehabilitation 
services. Unfortunately, a review of each of these principles is beyond the scope of this 
paper. Consequently, the following section will discuss the evidence for Intensity Matters 
and consider its implications for aphasia rehabilitation.  
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2.3.1.1 Intensity Matters. 
Evidence supporting the role of intensity in the induction of neuroplasticity has been 
derived from basic neuroscience and clinical studies of stroke rehabilitation. Animal 
studies have revealed that intensive and repetitive behavioural training results in 
significant neurological and functional changes. Whilst the dose of therapy required to 
initiate these central changes remains unknown, Kleim and Jones (2008) noted that in 
many animal studies, intervention is provided in an intensive format and that this intensity 
appears necessary to achieve rehabilitation gains. For example, in a study conducted by 
Wang et al. (1995) adult owl monkeys were trained on a tactile stimulation task, which 
involved 4-6 weeks of behavioural training with several hundred trials per day.  Wang et al. 
(1995) found that intensive, repetitive training resulted in significant changes in the 
topographical representation of stimulated regions in the somatosensory cortex. This 
finding of neural reorganization in response to intensive training has been replicated in a 
number of animal studies (Kleim et al., 2002; Kleim et al., 2004). In contrast, a study 
conducted by Luke, Allred, and Jones (2004) failed to find evidence of neuroplasticity in 
adult rats when skilled reaching training was provided non-intensively (approximately 60 
repetitions per day). Furthermore, Luke et al. (2004) found that the rate of acquisition and 
level of behavioural proficiency achieved with non-intensive training was less than that 
reported in other studies of skilled reaching, which employed intensive training regimes 
(Kleim et al., 2002; Kleim et al., 2004).   
 
MacLellan et al. (2011) suggest that there is a critical intensity of rehabilitation which must 
be met in order to evoke cortical reorganization and behavioural changes. MacLellan et al. 
(2011) evaluated the functional changes that occurred in adult male rats in response to a 
behavioural training program.  The researchers also measured levels of Brain Derived 
Neurotrophic Factor (BDNF), a protein thought to assist neural reorganization, in the motor 
cortex and the hippocampus of rats pre and post intervention.  Rats were randomly 
assigned to an unlimited environmental enrichment group, which involved unlimited 
reaching training over a 4 hour period, 5 days per week for 6 weeks, or a limited 
environmental enrichment group, which involved restricted reaching training over the same 
intervention duration. The study found significantly greater improvements on functional 
measures of reaching for the unlimited rehabilitation group at 3 and 5 weeks post infarct in 
comparison to the limited rehabilitation group. Furthermore, BDNF levels were found to be 
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significantly higher for the unlimited rehabilitation group. MacLellan et al. concluded that 
sufficient dose and intensity of training is required in order to meet the threshold for 
stimulation and below this threshold, recovery does not occur.  
 
A growing body of clinical research has emerged to investigate the principles of 
experience-dependent neuroplasticity in stroke rehabilitation; specifically, several studies 
have investigated the effect of treatment intensity. A series of meta-analyses, systematic 
reviews, experimental and observational studies have provided support for the benefits of 
intensive stroke rehabilitation,(Birkenmeier, Prager, & Lang, 2010; Bode, Heinemann, 
Semik, & Mallinson, 2004; Cooke, Mares, Clark, Tallis, & Pomeroy, 2010; Huang, Chung, 
Lai, & Sung, 2009; Jette, Warren, & Wirtalla, 2005; Kwakkel et al., 2004; Kwakkel, 
Wagenaar, Koelman, Lankhorst, & Koetsier, 1997; Kwakkel, Wagenaar, Twisk, Lankhorst, 
& Koetsier, 1999; Lohse, Lang, & Boyd, 2014) with improvements noted in activities of 
daily living,(Bode et al., 2004; Kwakkel et al., 2004; Kwakkel et al., 1997) mobility,(Bode et 
al., 2004; Kwakkel et al., 2004) functional outcomes(Bode et al., 2004; Huang et al., 2009; 
Jette et al., 2005; Kwakkel et al., 1997; Kwakkel et al., 1999) and reduced length of stay in 
hospital (Jette et al., 2005). In contrast to the aphasia literature, these studies have 
measured the benefits of intensive training, with intensity defined as the amount of therapy 
provided or the number of therapeutic repetitions. Therefore, many of these studies do not 
differentiate between therapy intensity and amount, and consequently provide support for 
a dose-dependent rehabilitation effect (i.e., the total amount of therapy provided 
corresponds with therapy gains). Furthermore, for many disciplines, specific information 
about optimal treatment intensity and the effect of treatment intensity at different stages of 
recovery, for example during the acquisition versus maintenance of a skill, is yet to be 
determined. Consequently, treatment intensity is a pertinent field of research across 
rehabilitation disciplines and further investigation into the parameters of optimal treatment 
intensity in the multidisciplinary rehabilitation of stroke is warranted. 
 
2.4 Intensity and Aphasia Therapy 
Several studies have attempted to address the issue of intensity of practice in aphasia 
therapy.  A meta-analysis conducted by Robey (1998) found that aphasia therapy 
delivered at an intensity of more than 2 hours per week resulted in greater communication 
changes than less intensive aphasia therapy. Likewise, a review conducted by Bhogal, 
Teasell, and Speechley (2003) found that studies providing an average of 8.8 hours of 
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speech and language therapy per week for 11.2 weeks achieved significant 
communication gains whereas studies that delivered an average of 2 hours per week for 
22.9 weeks failed to find positive therapeutic effects. These reports support the benefits of 
intensive aphasia therapy; however, they may also be confounded by a dosage effect. 
Basso (2005) found that a greater amount of therapy is more likely to facilitate recovery 
than a smaller amount of therapy. In both of the reviews conducted by Robey (1998) and 
Bhogal, Teasell, and Speechley (2003), as well as a number of clinical studies 
investigating treatment intensity (Denes et al., 1996; Hinckley & Carr, 2005; Hinckley & 
Craig, 1998), the total amount of therapy has not been consistent between groups. For 
example, Bhogal, Teasell, and Speechley (2003) compared intensive therapy studies (total 
therapy time = 98.4 hours) with non-intensive therapy studies (total therapy time = 43.6 
hours). Therefore, it is possible that the increased amount of therapy was responsible for 
the positive therapeutic outcomes, rather than the intensity of treatment. In addition to this 
design limitation, several studies investigating treatment intensity in aphasia rehabilitation 
have failed to incorporate a low-intensity control group or to compare the effects of 
different levels of intensity (Barthel, Meinzer, Djundja, & Rockstroh, 2008; Code et al., 
2010; Maher et al., 2006). Consequently, it is difficult to draw definitive conclusions 
regarding the true effect of treatment intensity. 
 
Additional studies have provided more equivocal results for the benefits of intensive 
aphasia therapy.  A systematic, evidence-based review conducted by Cherney, Patterson, 
Raymer, Frymark, and Schooling (2008) found that increased intensity of therapy was 
associated with positive changes in outcomes at the impairment level; however, mixed 
results were found for changes in communication activity/participation and in the 
maintenance of communication gains. With new evidence available and in contrast to their 
previous findings, a more recent review conducted by Cherney et al. (2011) failed to 
distinguish between the effects of intensive and non-intensive impairment based therapy in 
the acute or chronic stages of aphasia recovery. In addition to these studies, a Cochrane 
Review conducted by Brady et al. (2012) also found mixed evidence for the benefits of 
intensity.  Whilst overall aphasia severity scores and written language scores improved 
more with intensive therapy, no significant difference was found in measures of receptive 
or expressive (spoken) language. Brady et al. (2012) also revealed that significantly more 
individuals withdrew from intensive therapy programs than non-intensive therapy 
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programs.  These studies highlight the need for further objective evaluation into the effects 
of intensity of aphasia therapy.   
 
2.4.1 Constraint Induced Aphasia Therapy 
The development of new, intensive treatment approaches in aphasia rehabilitation, such 
as Constraint Induced Aphasia Therapy (CIAT), have further contributed to the evidence-
base for therapy intensity. A greater understanding of neuroplasticity and the neurological 
processes underlying stroke recovery has stimulated the development of a group of 
techniques termed Constraint-Induced therapy.  The original constraint-induced protocol, 
Constraint Induced Movement Therapy (CIMT), was developed for the rehabilitation of 
upper limb paresis (Taub et al., 1993; Taub, Uswatte, & Pidikiti, 1999). CIAT is an 
intensive aphasia therapy program, adapted from the CIMT protocol, which incorporates 
the neuroplasticity principles of forced use, intensive and repetitive practice and specificity 
of training. In a pioneer study of CIAT, Pulvermuller et al. (2001) found that the massed 
practice of verbal communication in conjunction with the restraint of non-verbal methods of 
communication (i.e., gesture), for 3 hours per day for 10 days resulted in significant 
communication gains on standard clinical tests. The positive therapeutic benefits of CIAT 
have been replicated in a number of studies (Maher et al., 2006; Meinzer, Djundja, Barthel, 
Elbert, & Rockstroh, 2005; Meinzer et al., 2004). However, the role of individual elements 
in the CIAT protocol (i.e., constraint, intensity, and repetition) as well as optimal treatment 
parameters (i.e., timing, dosage, and schedule) remains unknown. A number of studies 
have compared CIAT with other intensive, aphasia therapy programs and have found 
comparable clinical gains, suggesting that intensity may be a common, active treatment 
component (Barthel et al., 2008; Kurland, Baldwin, & Tauer, 2010; Sickert, Anders, Munte, 
& Sailer, 2014). For example, Barthel et al. (2008) evaluated the active therapeutic 
components of CIAT by comparing CIAT with Model-Oriented Aphasia Therapy (MOAT), 
delivered at the same high intensity. The study found that MOAT resulted in significant 
communication gains, comparable to the gains achieved with CIAT. The authors 
concluded that intensity and repetition appear to contribute to improvements in language 
function; however, constraint may not necessarily be an essential element of the treatment 
protocol.  Consequently, further research is required to identify the active treatment 
components and optimal treatment parameters of CIAT (Attard, Rose, & Lanyon, 2013; 
Barthel et al., 2008; Meinzer et al., 2012).  
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2.4.2 Intensive Comprehensive Aphasia Programs 
Another novel aphasia rehabilitation approach that has recently emerged and incorporates 
the principle of intensive training is the development of Intensive Comprehensive Aphasia 
Programs (ICAPs). ICAPs adopt a comprehensive approach to aphasia rehabilitation that 
includes a combination of individual therapy, group therapy, computer-based therapy and 
patient / family education (Cherney, Worrall, & Rose, 2012). This service delivery model, 
which is based on a bio-psychosocial approach to illness and disability (Cherney et al., 
2012), provides intensive aphasia therapy, defined as a minimum of 3 hours of therapy per 
day, 5 days per week, for at least 2 weeks (Cherney et al., 2012). The development of 
ICAPs represents an exciting progression in the provision of aphasia therapy services and 
preliminary research indicates that ICAPs can have a positive effect on individual’s 
language impairment and functional communication (Persad et al., 2013; Rodriguez et al., 
2013; Winans-Mitrik et al., 2014). However, the concept of an ICAP is still relatively new 
and whilst these programs are promising, further clinical research is required to evaluate 
their efficacy and to determine optimal treatment parameters (Hula, Cherney, & Worrall, 
2013). 
   
2.4.3 Dosage Controlled Aphasia Studies 
Investigation into the effect of treatment intensity, independent of therapy dosage, is 
necessary in order to identify the fundamental parameters of aphasia rehabilitation. 
Pulvermuller and Berthier (2008) reviewed and interpreted the neurosciences literature 
with respect to the scheduling of aphasia rehabilitation and proposed the Massed Practice 
Principle. This principle suggests that for a constant number of therapy hours, a large 
amount of aphasia therapy in a short amount of time is more effective than the same or 
lesser amount of therapy delivered over an extended duration. Consequently, Pulvermuller 
and Berthier (2008) argued for the benefits of intensive therapy, independent of the total 
amount of therapy provided. 
 
Laganaro, Di Pietro, and Schnider (2006a) investigated the effect of dosage-controlled, 
treatment intensity on word retrieval outcomes in adults with acute aphasia. However, this 
study defined treatment intensity with respect to the number of repetitions of treated items. 
The number of exposures to treated items was a function of the size of treatment sets 
(small set n = 48 items; large set n = 96 items). Both training conditions involved a daily 
therapy (30 to 60 minutes) for 1 week. Thus, the therapist contact time was controlled. At 
26 
 
the conclusion of therapy, the proportional therapeutic gains for both conditions were 
comparable. Interestingly, the large treatment set resulted in numerically higher word 
learning gains, suggesting that improvement was not a direct consequence of the number 
of repetitions. Whilst this study contributes to our understanding of the effect of repetition 
and treatment intensity, unfortunately it does not inform us as to the optimal distribution of 
therapy sessions over time.    
 
To the best of our knowledge, only four studies have controlled the type and amount of 
aphasia therapy provided, whilst systematically varying the intensity of treatment, with 
respect to therapy schedule (Table 2.1). Martins et al. (2013) conducted a randomised 
controlled trial to compare the effect of intensive aphasia therapy (2 h per day, 5 days per 
week, 10 weeks) with standard practice (2 h per week, 50 weeks). Participants were 
stratified for aphasia severity and treatment groups were comparable for age, years of 
education, time post onset, aphasia severity and baseline language measures. The 
treatment provided in the study was based on the Multimodal Stimulation Approach (MSA) 
(Duffy & Coelho, 2001) and although therapists utilised the same treatment materials, 
therapy tasks were individualised for participants. The study found a trend favouring 
intensive training, as indicated by higher Aphasia Quotient (AQ) scores for the intensive 
group at 10 weeks, 50 weeks, and 62 weeks; however, this result did not reach 
significance. No significant difference was found between the two groups on the primary or 
secondary outcome measures at the completion of the study.  One of the key limitations of 
this research was the small sample size. Although 102 participants fulfilled the inclusion 
criteria for the study, only 30 participants were included and only 18 participants remained 
at the primary end point (50 weeks).  Consequently, due to the limited sample size, few 
meaningful conclusions can be drawn from the results.  
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Table 2.1 Summary of dosage-controlled studies investigating treatment intensity in aphasia rehabilitation. 
Study Design N TPO Outcome 
Measures 
Therapy  IT RT Maintenance Outcomes of Study 
Martins et al. 
(2013) 
Randomised 
controlled 
trial.  
18 3 
months  
Aphasia 
Quotient, Lisbon 
Aphasia 
Assessment 
Battery  
Multi-modal 
Stimulation 
Approach (MSA) 
2 hr / day, 5 
days / 
week, 10 
weeks (100 
hr) 
2 hr / week, 
50 weeks 
(100 hr) 
Stability 
between 50 
and 62 weeks 
TPO. 
No significant difference 
between IT or RT groups 
on primary or secondary 
outcome measures. Trend 
of higher scores for IT.  
Ramsberger 
and Marie 
(2007) 
Single 
participant, 
crossover 
design.  
4 > 6 
months  
Impairment: 
Naming 
accuracy 
Anomia therapy 45-60 min, 
5 days / 
week (15-
20 
sessions) 
45-60 min, 
2 days / 
week (15-
20 
sessions) 
Minimal 
maintenance 
data. 
Improvement in naming for 
3/4 participants regardless 
of treatment schedule. 1/4 
participants demonstrated 
strong preference for IT.  
Raymer et al. 
(2006) 
Single 
participant, 
crossover 
design.  
5 > 4 
months 
Impairment: 
Auditory 
comprehension 
& Naming 
accuracy 
Auditory 
comprehension 
& anomia 
therapy 
3-4 
sessions / 
week (12 
sessions, 
22-24 hr) 
1-2 
sessions  / 
week (12 
sessions, 
22-24 hr) 
1 month 
follow-up.  
Improvement in naming for 
both IT and RT. Advantage 
of IT not maintained at 1 
month follow-up.  
Sage et al. 
(2011) 
Single 
participant, 
crossover 
design.  
8 Mean = 
58.25 
months 
Impairment: 
Naming 
accuracy 
Anomia therapy 5 days / 
week, 2 
weeks (10 
sessions) 
2 days / 
week, 5 
weeks (10 
sessions) 
1 month 
follow-up.  
Improvement in naming for 
both IT and RT. Significant 
advantage for RT at 1 
month follow-up.  
Note. N = sample size, TPO = time post onset, IT = Intensive therapy, RT = Regular therapy. 
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Ramsberger and Marie (2007) considered the intensity question using a computer-based 
anomia therapy program. Treatment was delivered intensively (5 sessions per week, total 
15 - 20 sessions) and non-intensively (2 sessions per week, total 15 – 20 sessions) in a 
repeated measures cross-over design with a sample of 4 participants. Mixed results for the 
benefits of intensive treatment were found. For 3 participants, there was no difference in 
the outcomes for intensive versus non-intensive therapy. However, one participant 
demonstrated a strong preference for the intensive therapy regime, with greater gains in 
word retrieval made during intensive treatment. These results suggest that internal factors 
and specific patient characteristics may influence an individuals’ response to different 
treatment schedules.  
 
Raymer et al. (2006) investigated the effect of treatment intensity on measures of auditory 
comprehension and word retrieval in 5 individuals with aphasia. The repeated measures 
crossover design study contained two 12 session training phases; an intensive therapy 
condition (3 - 4 sessions per week) and a non-intensive therapy condition (1 - 2 sessions 
per week). The study found moderate effect sizes for the 2 participants completing the 
auditory comprehension training. Both participants made significant gains during the first 
phase of auditory comprehension therapy, regardless of the therapy schedule 
(intensive/non-intensive). For word retrieval training, during the acquisition phase there 
was an advantage of intensive therapy over non-intensive therapy. All 5 participants 
demonstrated large effect sizes in response to intensive therapy, whilst 2 of 5 participants 
revealed large effect sizes and 2 of 5 participants revealed moderate effect sizes in 
response to non-intensive therapy. Interestingly, this study found that at the 1 month 
follow-up assessment, whilst therapy gains were maintained above baseline, the 
advantage of intensive therapy over non-intensive therapy was not maintained. Based on 
these results, the authors suggested that non-intensive therapy may be equally as 
effective as intensive therapy and recommended that future research consider the 
relationship between training schedules and the maintenance of therapy gains.  
 
Finally, Sage et al. (2011) utilised a repeated-measures cross-over design to compare the 
outcomes of intensive anomia therapy (5 sessions per week for 2 weeks) with the 
outcomes of non-intensive anomia therapy (2 sessions per week for 5 weeks) in 8 
participants with chronic aphasia. The study found that immediately post therapy, both 
intensive and non-intensive therapy conditions resulted in a significant improvement in 
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naming ability. At the 1 month follow-up assessment, however, there was a small, yet 
statistically significant advantage for items learnt non-intensively. Thus, the authors found 
that whilst both treatment schedules resulted in positive language outcomes during the 
acquisition phase, the non-intensive therapy schedule resulted in the superior 
maintenance of therapy gains at 1 month follow-up.  
 
The findings of these dosage-controlled, aphasia therapy studies suggest that when 
considering the maintenance of therapy gains, non-intensive therapy may result in 
equivalent or even superior clinical outcomes, compared with intensive therapy. These 
findings are somewhat in contrast to the relevant neurosciences literature, which suggests 
an advantage of intensive training. However, the neurosciences literature has frequently 
utilised animal models of stroke rehabilitation in order to investigate the recovery of 
sensory and motor functions post-stroke. Whilst these models have played a pivotal role in 
beginning to understand the neural changes involved in stroke recovery, it is important to 
acknowledge that language is a uniquely human cognitive faculty, thus suggesting 
inherent limits on how easily evidence from animals can be applied to human language 
rehabilitation. Furthermore, it is possible that there are important distinctions between the 
processes underlying the recovery of motor skills in humans post-stroke and the relearning 
of high-level cognitive functions, such as language. As such, the following section will 
review the cognitive psychology literature with respect to theories of learning in healthy 
humans and will consider how theories of verbal learning may translate to language 
recovery in aphasia.  
 
2.5 Cognitive Psychology and Learning 
Advancements in basic neuroscience research have contributed to our understanding of 
the biological and physiological processes of learning and neuroplasticity. In addition, 
research in the field of psychology has helped to identify the nature of learning and 
memory mechanisms in healthy adults and to identify the conditions required to promote 
successful learning.  Learning can be defined as “… any system or process, whether 
explicit or implicit, that results in the modification of behaviour by experience” (Baddeley, 
1993b, p. 238). Learning in healthy adults is a complex cognitive process that may be 
influenced by a number of personal (e.g., motivation and level of education) and cognitive 
factors (e.g., attention and executive function) as well as variables pertaining to the 
learning experience itself (e.g., provision of feedback, errorless versus errorful production 
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and learning schedule). This process may be further complicated in individuals with 
acquired neurological impairments due to the underlying pathophysiology, the presence of 
concomitant cognitive deficits and the potential interaction of these factors. Whilst it is 
acknowledged that there are important distinctions between learning in healthy individuals 
and re-learning in individuals with acquired neurological impairments, a greater 
understanding of the learning process in healthy individuals may help to inform models of 
rehabilitation in the stroke population (Basso, Marangolo, Piras, & Galluzzi, 2001; 
Breitenstein & Knecht, 2002). 
   
2.5.1 Theory of Learning 
Detailed assessment of an individual’s cognitive and physical functioning post-stroke 
enables clinicians to carefully identify what is to be learnt in the therapeutic process. For 
example, in aphasia rehabilitation the cognitive neuropsychological framework for 
language processing enables speech-language pathologists to determine which aspects of 
an individual’s language processing are impaired and consequently require treatment. In 
contrast, a theory of learning informs us as to how this skill or behaviour may best be 
learnt (Howard, 1999). Baddeley (1993b) suggests that any treatment that aims to 
remediate cognitive functions, such as language, must incorporate an understanding of the 
impaired, underlying system as well as the principles of learning. This is further supported 
by the work of Robertson and Murre (1999), who suggest that broader cognitive factors, 
such as sustained attention, are important considerations in the development and 
implementation of rehabilitation programs. A theory of learning underlies the therapeutic 
process and is an essential element in determining how therapy affects behavioural 
change (Ferguson, 1999).   Whilst there is currently no complete model of human learning, 
research has investigated individual components within this model, such as the 
organisation of learning schedules and selection of training stimuli, in order to identify 
factors that promote optimal learning.  
 
Roediger and Karpicke (2006) identify retrieval practice as one of the most important 
determinants of successful learning. Retrieval practice, or the testing effect, refers to the 
robust and long-lasting advantage of testing over additional study time. A pioneer study 
conducted by Tulving (1967) demonstrated that the process of actively recalling 
information from long-term memory results in the superior learning and retention of 
information when compared with an equivalent or even an increased amount of study time.  
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The testing effect has since been replicated in a number of studies in cognitive psychology 
(for a review see Roediger & Karpicke, 2006). Retrieval practice has been found to have 
differential effects across the continuum of the learning process and whilst repeated 
testing tends to slow initial learning, it has been found to result in greater long-term 
retention.  
 
The testing effect has been demonstrated in healthy adults, regardless of accuracy of 
recall (Middleton & Schwartz, 2012). However, the production of errors may have 
differential effects on learning outcomes for adults with neurological impairments. A body 
of literature has emerged to investigate the effect of errorless versus errorful training in 
individuals with language and cognitive impairments (Fillingham, Hodgson, Sage, & Ralph, 
2003; Middleton & Schwartz, 2012). Errorless learning paradigms aim to prevent the 
production of errors in training and thus reduce the reinforcement of negative learning 
patterns (Fillingham et al., 2003). Preliminary research indicates that errorless and errorful 
therapy techniques result in comparable therapeutic outcomes for adults with aphasia 
(Abel, Schultz, Radermacher, Willmes, & Huber, 2005; Conroy, Sage, & Lambon Ralph, 
2009b; Fillingham et al., 2005b; Fillingham, Sage, & Lambon Ralph, 2006). However, this 
is an emerging field of research and further consideration into the effect of error production 
on therapeutic outcomes in individuals with cognitive and language impairments is 
required.  
 
The provision of feedback is another variable thought to influence the success of learning 
outcomes. Research conducted in healthy adults has demonstrated successful learning for 
verbal information, irrespective of the presence or absence of feedback (Breitenstein et al., 
2004; Vallila-Rohter & Kiran, 2013a). However, additional studies suggest that both the 
nature and the timing of feedback may be integral (Pashler, Cepeda, Wixted, & Rohrer, 
2005; Pashler, Rohrer, Cepeda, & Carpenter, 2007). For example, in a study of second 
language acquisition in healthy individuals, Pashler et al. (2005) found that specific 
feedback in response to an incorrect answer facilitated learning and retention, whereas 
general feedback (i.e., correct / incorrect) or feedback in response to a correct answer did 
not affect the learning outcomes. Interestingly, some reviews have suggested that frequent 
feedback may actually inhibit deeper levels of cognitive processing and consequently, may 
facilitate performance during acquisition yet reduce long-term retention (Rosenbaum, 
Carlson, & Gilmore, 2001; Schmidt & Bjork, 1992). Few studies have specifically 
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investigated the role of feedback in learning outcomes for people with aphasia. A study of 
non-verbal learning, conducted by Vallila-Rohter and Kiran (2013a), found that adults with 
aphasia differentially responded to the presence of feedback in training. Whilst some 
participants in this study demonstrated superior learning for items trained in the feedback 
condition, other participants demonstrated a preference for paired-associate learning. 
Alternatively, Fillingham et al. (2005b) found no significant effect of the presence or 
absence of feedback on anomia therapy outcomes in adults with aphasia.   
 
Studies have also indicated that retrieval difficulty may influence learning and the long 
term retention of information. Bjork (1994) described the term “desirable difficulties”, where 
optimal learning occurs when retrieval is maximally difficult yet successful. Methods of 
increasing the level of difficulty of retrieval may include manipulating the learning schedule, 
for example by increasing the interval between learning sessions, or by providing delayed 
versus immediate feedback.  The influence of retrieval difficulty on learning emerged from 
the finding that techniques that enhance the short-term recall of information (i.e., massed 
schedules) often result in inferior long-term retention, whereas techniques that reduce 
initial learning during the acquisition stage (i.e., distributed schedules, testing) often 
enhance the long-term retention of information. Consequently, conditions that facilitate 
acquisition of a skill or behaviour may not necessarily facilitate the maintenance of that 
skill or behaviour.   
 
2.5.2 The Distributed Practice Effect 
The distributed practice effect, also known as the spacing effect, is a phenomenon that 
has received much attention in cognitive psychology. The distributed practice effect 
suggests that for a given amount of practice, distributed presentations yield significantly 
better learning than massed presentations (Dempster, 1989; Donovan & Radosevich, 
1999). This effect has been demonstrated for a range of tasks including; simple and 
complex motor tasks (Dail & Christina, 2004; Mackay, Morgan, Datta, Chang, & Darzi, 
2002; Moulton et al., 2006), memory recognition tasks for words, sentences and pictures 
(Challis, 1993; Russo & Mammarella, 2002; Xue et al., 2011), training of cognitive 
functions, such as working memory (Penner et al., 2012), and novel word learning (Callan 
& Schweighofer, 2010; Mammarella, Russo, & Avons, 2002; Sobel, Cepeda, & Kapler, 
2011).  
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Several studies have specifically investigated the distributed practice effect in the learning 
and recall of verbal information. A meta-analysis of the verbal learning literature conducted 
by Cepeda et al. (2006) found that of 271 comparisons between massed versus distributed 
learning schedules, only 12 comparisons showed no effect or reduced performance for a 
distributed practice schedule. In addition, every study included in the meta-analysis with a 
retention interval of greater than 1 month, demonstrated superior learning when study 
sessions were spaced weeks to months apart in comparison with study sessions spaced 1 
day apart. Cepeda et al. (2009) conducted a series of subsequent experiments to further 
investigate this effect and to determine the optimal gap between training sessions required 
to maximise learning. Experiment 2 of the study required healthy participants to learn the 
names of unfamiliar, visually presented items over 2 learning sessions, scheduled either 0 
days, 1 day, 1 week, 1 month, 3 months or 6 months apart. Participants were assessed 6 
months after the second training session to evaluate learning and retention of the 
information. Analysis of the data revealed that optimal learning occurred when sessions 
were spaced 28 days apart. From their research findings, Cepeda et al. (2009) concluded 
that the optimal interval between learning sessions is a function of the retention interval 
and consequently, in order to achieve long-term retention of the learnt information, 
significant temporal gaps between learning sessions are required.  
 
A greater understanding of the mechanisms underlying verbal learning and the 
environment and conditions that promote it in healthy individuals may have significant 
implications for the re-learning of verbal information in aphasia rehabilitation (Basso et al., 
2001; Breitenstein et al., 2004). Furthermore, techniques demonstrated to promote verbal 
learning in healthy individuals may help to inform therapeutic methods for adults with 
aphasia (Basso et al., 2001). The use of nonwords in experimental paradigms provides an 
excellent opportunity to evaluate verbal learning processes. Callan and Schweighofer 
(2010) considered the learning of nonwords as a function of training schedule (i.e., 
massed versus distributed) in a paired associates learning task in healthy adults. The 
stimuli utilised in the study consisted of novel words (i.e., nonwords) paired with familiar 
lexical aspects of known words (i.e., known meanings).  Callan and Schweighofer (2010) 
found that performance on a delayed cued-recall test was superior for the distributed 
learning schedule in comparison to the massed schedule, replicating the distributed 
practice effect.  The advantage of distributed learning for nonwords has been 
demonstrated in a number of studies in the adult population (Mammarella et al., 2002; 
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Russo & Mammarella, 2002), and has even been demonstrated for novel vocabulary 
learning in school-aged children (Sobel et al., 2011).    
 
There is some evidence that distributed training is more effective in clinical populations 
with impaired learning, such as in adults with dementia or in children with learning 
disabilities (Camp, Foss, Ohanlon, & Stevens, 1996; Riches, Tomasello, & Conti-
Ramsden, 2005). The distributed practice effect has been investigated in clinical 
rehabilitation studies of adults with traumatic brain injury, amnesia and multiple sclerosis 
(Cermak, Verfaellie, Lanzoni, Mather, & Chase, 1996; Goverover, Arango-Lasprilla, Hillary, 
Chiaravalloti, & DeLuca, 2009; Goverover, Hillary, Chiaravalloti, Arango-Lasprilla, & 
DeLuca, 2009; Hillary et al., 2003). These studies each found superior recall for 
information that was learnt in a distributed schedule when compared with massed training. 
However, many of these studies evaluated the effect of therapy schedule (i.e., massed 
versus distributed) using relatively short intervals between training and as such their 
clinical applicability may be limited.    
 
A number of theories have been proposed to account for the distributed practice effect. 
The two main approaches discussed in the literature include encoding variability theories 
and deficient processing theories (for a review see Delaney, Verkoeijen, & Spirgel, 2010; 
Dempster, 1989). Encoding variability theories suggest that over a distributed period of 
time the number of subjective contexts in which information is encoded increase and 
consequently the number of potentially effective retrieval routes also increases (Dempster, 
1989). Alternatively, in a massed schedule the number of encoding paths is reduced thus 
limiting cues to facilitate recall. The deficient processing theories suggest that massed 
presentations receive reduced cognitive processing in comparison to distributed 
presentations and that recall is a function of the amount of processing the item received 
(Dempster, 1989). Consequently, distributed presentations are learnt and recalled more 
effectively. Several mechanisms have been proposed to account for the reduced cognitive 
processing of massed presentations (Challis, 1993; Dail & Christina, 2004; Janiszewski, 
Noel, & Sawyer, 2003; Wahlheim, Dunlosky, & Jacoby, 2011). For example, the voluntary 
attention hypothesis suggests that participants pay less attention to massed stimuli in 
comparison to spaced stimuli due to the nature of the task (i.e., boredom and fatigue 
effects) (Dempster, 1989). The rehearsal hypothesis suggests that spaced presentations 
allow for greater mental rehearsal of stimuli between presentations and greater 
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consolidation of learning. Consequently, stimuli are encoded more deeply and retrieved 
more effectively (Dempster, 1989).  
 
Whilst a complete discussion of these theories is beyond the scope of this review, one 
pertinent account by Sage et al. (2011), will be discussed. Sage et al. (2011) used learning 
algorithms, such as the Rescorla-Wagner theory (Anderson, 1995) and the delta rule 
(Anderson, 1995), to account for the advantage of distributed practice over massed 
practice in their study of confrontation naming in adults with aphasia. Put simply, these 
algorithms suggest that the rate of learning is dependent on the difference between the 
learning goal (i.e., target performance) and the current state (sub-optimal performance). 
Where this difference is large, learning is enhanced. Performance on verbal learning tasks, 
such as confrontation naming, may be influenced by repetition priming. Repetition priming 
is a phenomenon where the identification or naming of an object or word is improved by 
previous exposure to that object or word (Wiggs & Martin, 1998). For example, repetition 
priming may result in faster or more accurate confrontation naming for stimuli previously 
seen compared with new stimuli. Priming effects have been shown to be relatively long-
lasting and diminish over time (Wiggs & Martin, 1998). With respect to the study of Sage et 
al. (2011), the authors suggest that the amount of residual priming for stimuli learnt 
intensively is higher because the interval between sessions is shorter (i.e., reduced 
amount of time for priming to diminish between sessions). The residual priming of stimuli 
learnt in the intensive condition reduces the difference between the learning goal and the 
current state and, according to the delta rule, therefore limits the rate of learning for those 
stimuli.  For items learnt non-intensively, the amount of residual priming is diminished due 
to the longer time between learning session. Consequently, the difference between the 
learning goal and the current state is large and learning is facilitated. To date no one 
theory has been able to comprehensively account for the advantage of distributed training 
across the diverse range of tasks and conditions that are reported in the literature. Sage et 
al. (2011) provide one account for the benefit of distributed training on word retrieval 
outcomes in aphasia rehabilitation. Thus, theoretically motivated experimental studies that 
investigate the distributed practice effect in the clinical rehabilitation of adults with acquired 
neurological disorders such as aphasia are warranted. 
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2.6 Summary and Future Directions 
Determining the optimal treatment intensity for neurorehabilitation poses an important 
research question, with clinical implications for consumers, clinicians, policy makers and 
service providers. The neuroscience literature suggests that intensive treatment promotes 
neurological changes underpinning recovery from stroke and is an essential component of 
rehabilitation. However, much of this research has been based on animal and motor 
models of stroke rehabilitation. Consequently, it is unclear how these principles translate to 
aphasia rehabilitation. Within cognitive psychology, models of learning in healthy humans 
suggest that distributed training promotes optimum long-term learning and retention of 
trained skills and behaviours. Although there are important distinctions between learning in 
healthy individuals and re-learning in individuals with neurological impairments, knowledge 
of the cognitive processes underlying healthy learning may help to inform models of 
rehabilitation. Therefore, both the neuroscience and cognitive psychology literature have 
important implications for treatment intensity and service delivery models in stroke and 
aphasia rehabilitation. Given the findings of previous dosage-controlled studies of 
treatment intensity in aphasia rehabilitation and the evidence for the distributed practice 
effect in the cognitive psychology literature, it is important to avoid assumptions that high 
intensity aphasia treatment is superior for all patients. Further empirical investigation is 
required to establish the true effect of treatment intensity and to determine how these two 
bodies of research translate to language recovery in aphasia. The following section 
outlines a research agenda, to further clarify this important clinical question.  
 
2.6.1 Study Design Considerations 
Much research has been conducted to investigate the role of treatment intensity in the 
recovery of language function in aphasia rehabilitation.  Unfortunately, methodological 
limitations, such as reduced control for treatment type (Pulvermuller et al., 2001) and 
dosage (Denes et al., 1996; Hinckley & Carr, 2005; Hinckley & Craig, 1998), have 
prevented us from identifying the true effect of treatment intensity.  Furthermore, within the 
aphasiology literature there is limited consensus as to the definition of intensive versus 
non-intensive therapy. A systematic approach to defining parameters of treatment 
intensity, with respect to dose, dose frequency and total intervention duration is required. 
Tighter control of design variables as well as application of the treatment intensity model 
proposed by Warren et al. (2007) will allow for greater comparisons across studies and will 
help to delineate the role of treatment intensity in future research.  
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A small number of studies have systematically investigated the effect of treatment 
intensity, whilst controlling the amount of therapy, in adults with aphasia (Martins et al., 
2013; Ramsberger & Marie, 2007; Raymer et al., 2006; Sage et al., 2011). However, to 
date the majority of these studies have provided a limited amount of therapy to a relatively 
small sample of individuals. Although Martins et al. (2013) aimed to deliver 100 hours of 
aphasia therapy, due to the challenges with recruitment and high attrition rate, this study 
was inadequately powered to differentiate between the two treatment conditions at the 
primary completion point. Furthermore, Martins et al. (2013) investigated the effect of 
treatment intensity in the subacute phase of stroke, and as such, the effects of 
spontaneous recovery cannot be excluded. The remaining dosage-controlled studies have 
delivered relatively small amounts of therapy ranging from approximately 10 hours (Sage 
et al., 2011) to 22 – 24 hours (Raymer et al., 2006) with sample sizes ranging from four 
participants (Ramsberger & Marie, 2007) to eight participants (Sage et al., 2011). 
Consequently, it is difficult to determine whether an increased amount of aphasia therapy 
would influence the relationship between therapy schedule (i.e., intensive versus non-
intensive) and communication outcomes. Evaluating the effect of treatment intensity when 
provided with a greater overall amount of therapy is recommended. Furthermore, given the 
heterogeneous nature of aphasia, a larger sample of participants is required.   
 
2.6.2 Consideration of Outcome Measures  
Previous dosage-controlled studies investigating the effects of treatment intensity in 
aphasia rehabilitation have primarily evaluated impairment based treatments, for example 
auditory comprehension and/or word retrieval therapy (Harnish, Neils-Strunjas, Lamy, & 
Eliassen, 2008; Ramsberger & Marie, 2007; Raymer et al., 2006; Sage et al., 2011). 
Although some studies have considered activity / participation level outcomes, in each of 
these studies conclusions regarding intensity have been confounded by the type or the 
amount of therapy provided (Brindley et al., 1989; Hinckley & Carr, 2005; Lee, Kaye, & 
Cherney, 2009; Pulvermuller et al., 2001). Dosage-controlled studies considering the effect 
of treatment intensity across the impairment, activity and participation levels of the World 
Health Organization’s International Classification of Functioning, Disability and Health 
(WHO-ICF) (World Health Organization., 2001) are lacking. In recent years there has been 
a shift in models of rehabilitation to consider the effects of aphasia therapy on both 
impairment and functional outcome measures as well as on quality of life (Cruice, Worrall, 
Hickson, & Murison, 2005; Kagan et al., 2008). The need to objectively demonstrate 
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relevant and functional therapeutic gains is driven by increasing demands for 
accountability from healthcare providers and policy makers; however, it is also central to 
the holistic rehabilitation of people with aphasia. Consequently, consideration of the effect 
of treatment intensity using a range of outcome measures across WHO-ICF domains is 
required.   
 
2.6.3 Consideration of the Maintenance of Treatment Effects  
The ultimate aim of aphasia rehabilitation is to facilitate positive and enduring changes to 
individuals’ communication. Interestingly, however, few clinical studies have specifically 
considered which service delivery factors or treatment techniques optimise the 
maintenance of therapeutic gains in aphasia rehabilitation. The neuroscience and 
cognitive psychology literature, discussed above, has contributed to our understanding of 
the factors that enhance the acquisition and maintenance of newly learned skills and 
behaviours. However, further clinical research is required in order to determine how these 
factors may be applied to optimise the learning and retention of language skills in aphasia. 
A review of the stroke rehabilitation literature conducted by Teasell et al. (2009) found that 
although intensive rehabilitation resulted in significant gains in the short-term, the long-
term effects for many studies were not maintained consistently over time. Within the 
aphasia literature, several studies investigating the effect of therapy intensity on 
communication outcomes have failed to collect maintenance data (Denes et al., 1996; 
Harnish et al., 2008; Hinckley & Carr, 2005; Lee et al., 2009; Pulvermuller et al., 2001). 
The few studies that have controlled the amount of aphasia therapy whilst varying the 
intensity have predominantly utilised a repeated measures cross-over design (Ramsberger 
& Marie, 2007; Raymer et al., 2006; Sage et al., 2011). Robey and Schultz (1998) suggest 
this design is confounded in aphasia research due to the influence of potential carry-over 
effects and/or a period effect.  Consequently, there is currently limited reliable data 
regarding the maintenance of communication outcomes following intensive versus non-
intensive aphasia therapy. Further studies investigating factors that may influence the 
maintenance of therapy gains, including consideration of the relationship between therapy 
schedules and the long-term retention of therapy outcomes, are required (Brindley et al., 
1989; Pulvermuller et al., 2001; Ramsberger & Marie, 2007; Raymer et al., 2006; Sage et 
al., 2011).  
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2.7 Conclusions 
Knowledge regarding the optimal treatment intensity in aphasia rehabilitation is necessary 
in order to provide clinically beneficial and cost-effective aphasia services.  However, the 
optimal treatment intensity for aphasia rehabilitation remains unknown. A comprehensive 
search of the literature pertaining to intensity and aphasia rehabilitation was undertaken as 
part of this narrative review. The neurosciences literature suggests that intensive training 
is a key and necessary component of rehabilitation (i.e., Intensity Matters). The cognitive 
psychology literature suggests, however, that whilst intensive training may facilitate the 
acquisition of a skill, optimal long-term learning is achieved with distributed or non-
intensive training schedules. This review has discussed and evaluated both of these 
perspectives with respect to the provision of aphasia therapy services. Whilst efforts were 
made to incorporate all relevant studies, it is acknowledged that a systematic review would 
have provided stronger methodology. 
 
In addition, this review has evaluated the current state of evidence for treatment intensity 
in aphasia intervention and has identified directions for future research. We have 
highlighted the need for well-designed research projects to systematically evaluate 
parameters of treatment intensity, such as dose, dose frequency and total intervention 
duration, in aphasia rehabilitation.  Furthermore, future studies are required to investigate 
the relationship between treatment intensity and the acquisition and maintenance of 
therapy gains.  Finally, it is recommended that future studies consider the effect of 
treatment intensity on communication outcomes across WHO-ICF domains. Resolving the 
importance of intensity is a critical issue in the field that will have broad implications for the 
clinical outcomes of consumers and for service delivery models in stroke and aphasia 
rehabilitation.   
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3. Chapter Three 
Intensive versus distributed aphasia therapy: A nonrandomised, 
parallel-group, dosage-controlled study. 
 
 
The evidence for intensive aphasia rehabilitation, including the benefits of intensive versus 
distributed therapy schedules, was reviewed in Chapter Two. The study reported in 
Chapter Three subsequently evaluated the effect of therapy intensity on language and 
communication outcomes in adults with chronic aphasia. The content of this chapter has 
been adapted from a manuscript entitled “Intensive versus distributed aphasia therapy: A 
nonrandomized, parallel-group, dosage-controlled study”  which was published in Stroke 
(Dignam et al., 2015; Appendix B)2. The aim of this study was to investigate the effect of 
dosage-controlled treatment intensity on language impairment, functional communication 
and communication-related quality of life outcomes in adults with chronic, post-stroke 
aphasia. We tested the competing hypotheses that an intensive versus distributed therapy 
schedule would result in superior short and long-term therapy outcomes in response to 
Aphasia LIFT.  
                                            
2
 The content included in Chapter Three is identical to the accepted manuscript, however, has been modified to match 
the formatting of this thesis document (including reference style). As such, the number, size and positioning of figures 
and tables is different to that of the published version.  
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3.1 Abstract 
 
Background and purpose: Most studies comparing different levels of aphasia treatment 
intensity have not controlled the dosage of therapy provided. Consequently, the true effect 
of treatment intensity in aphasia rehabilitation remains unknown. Aphasia Language, 
Impairment and Functioning Therapy (Aphasia LIFT) is an intensive, comprehensive 
aphasia program. We investigated the efficacy of a dosage-controlled trial of Aphasia 
LIFT, when delivered in an intensive versus distributed therapy schedule, on 
communication outcomes in participants with chronic aphasia.  
Methods: Thirty-four adults with chronic, post-stroke aphasia were recruited to participate 
in an intensive (n = 16, 16 h per week, 3 weeks) versus distributed (n = 18, 6 h per week, 8 
weeks) therapy program. Treatment included 48 hours of impairment, functional, computer 
and group-based aphasia therapy.  
Results: Distributed therapy resulted in significantly greater improvements on the Boston 
Naming Test when compared with intensive therapy immediately post-therapy (p = .04) 
and at 1 month follow-up (p = .002). We found comparable gains on measures of 
participants’ communicative effectiveness, communication confidence and communication-
related quality of life for the intensive and distributed treatment conditions at post-therapy 
and 1 month follow-up.  
Conclusions: Aphasia LIFT resulted in superior clinical outcomes on measures of 
language impairment when delivered in a distributed versus intensive schedule. Aphasia 
LIFT had a positive effect on participants’ functional communication and communication-
related quality of life, regardless of treatment intensity. These findings contribute to our 
understanding of the effect of treatment intensity in aphasia rehabilitation and have 
important clinical implications for service delivery models.  
 
Key words: aphasia, speech therapy, treatment, rehabilitation, intensity, neuroplasticity.  
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3.2 Introduction 
Treatment intensity is an important consideration for the delivery of effective and efficient 
aphasia rehabilitation services. However, the optimal treatment intensity for aphasia 
rehabilitation is unknown (Cherney, 2012). Neuroscience research suggests that intensive 
training is required in order to optimise neurological and functional recovery post-stroke 
(Kleim & Jones, 2008). Within the field of cognitive psychology, however, there is 
considerable evidence supporting the distributed practice effect, which suggests that 
optimal long-term learning in healthy humans is achieved with non-intensive or distributed 
training (Cepeda et al., 2006).  
 
A number of meta-analyses and systematic reviews have been conducted in an attempt to 
synthesise the evidence for treatment intensity in aphasia rehabilitation (Brady et al., 2012; 
Cherney, Patterson, et al., 2008; Cherney et al., 2011; Robey & Schultz, 1998). Bhogal, 
Teasell, and Speechley (2003) found that studies that provided an increased dosage of 
therapy over a shorter duration (8.8 hours per week for 11.2 weeks) achieved positive 
therapeutic outcomes, whereas studies that provided a reduced dosage of therapy over a 
longer duration (2 hours per week for 22.9 weeks) did not. Consequently, this review 
provides support for the benefits of intensive therapy. However, a key limitation of this 
review is that the total dosage of aphasia therapy provided was not controlled. As such, it 
is difficult to differentiate between a dose-response relationship, whereby greater amounts 
of therapy result in greater therapeutic gains, and the true effect of treatment intensity. 
 
Additional reviews have reported more equivocal results for the benefits of intensive 
treatment. Cherney et al. (2011) found no significant difference between the outcomes for 
intensive versus non-intensive treatment on impairment-based measures in the acute 
(time post onset (TPO) < 3 months) or chronic stage (TPO ≥ 3 months) of stroke recovery. 
There was however, a strong positive relationship between intensity and 
activity/participation-based therapy outcomes in the chronic stage. Furthermore, a 
Cochrane review conducted by Brady et al. (2012) found that intensive aphasia therapy 
significantly reduced aphasia severity when compared with non-intensive aphasia therapy; 
however, significantly more individuals withdrew from intensive programs. As such, the 
evidence for intensive aphasia therapy remains mixed and there is uncertainty as to 
whether intensive treatment is appropriate for all individuals with aphasia.  
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A small number of studies have systematically compared different levels of treatment 
intensity whilst controlling the dosage of aphasia therapy provided (Martins et al., 2013; 
Ramsberger & Marie, 2007; Raymer et al., 2006; Sage et al., 2011). Consistent with the 
distributed practice effect, Raymer et al. (2006) and Sage et al. (2011) provide evidence 
demonstrating that distributed aphasia therapy may be equally or more effective than 
intensive aphasia therapy when considering the long-term maintenance of treatment gains. 
However, the dosage-controlled studies conducted to date have provided a relatively 
limited dosage of impairment-based therapy (Ramsberger & Marie, 2007; Raymer et al., 
2006; Sage et al., 2011), to a small sample of participants (Martins et al., 2013; 
Ramsberger & Marie, 2007; Raymer et al., 2006; Sage et al., 2011), using a repeated-
measures, cross-over design (Ramsberger & Marie, 2007; Raymer et al., 2006; Sage et 
al., 2011). In addition, Martins et al. (2013) investigated the effect of treatment intensity in 
the sub-acute aphasia population and as such, their findings may have been influenced by 
spontaneous recovery. Consequently, the comparative effect of intensive versus 
distributed aphasia therapy, when provided in a controlled dosage, warrants further 
investigation. 
 
A preliminary study conducted at the University of Queensland evaluated the efficacy of 
the intensive, comprehensive aphasia program (ICAP), Aphasia Language, Impairment 
and Functioning Therapy (Aphasia LIFT), and found that the program positively affected 
participants’ language impairment and functional communication (Rodriguez et al., 2013). 
The present study aimed to further investigate the effect of treatment intensity by 
comparing the efficacy of Aphasia LIFT when delivered in a dosage-controlled, intensive 
versus distributed treatment schedule on communication outcomes in adults with chronic 
aphasia.  
 
3.3 Methods 
3.3.1 Design 
This Phase II study employed a non-randomised, parallel-group, pre-post-test design. 
Three intensive (LIFT) and eight distributed (D-LIFT) trials of Aphasia LIFT were 
conducted at the University of Queensland and in rehabilitation centres in Brisbane and 
Sydney, Australia between November 2012 and August 2014. Trials consisted of groups of 
two to six participants and the results of these trials were pooled for analysis. Participants 
were allocated to LIFT (n = 16) and D-LIFT (n = 18) based on their geographic location, 
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the availability of a position within the research program and personal factors (e.g., 
participant availability, transport, accommodation). This study was approved by the 
relevant institutional ethics committees and written informed consent was obtained from 
participants prior to participation in study procedures (Appendix C).  
 
3.3.2 Participants 
Thirty-four adults with chronic aphasia resulting from unilateral, left hemisphere stroke/s 
were recruited to participate in the study (Table 3.1, Appendix D). All participants were > 4 
months TPO, spoke fluent English prior to their stroke and presented with residual word 
finding difficulties on the Boston Naming Test (BNT; Kaplan, Goodglass, & Weintraub, 
2001). Individuals with comorbid neurological conditions, severe apraxia of speech or 
severe dysarthria were excluded from the study.  
 
        Table 3.1 Sample characteristics at baseline  
Variable LIFT D-LIFT P value  
Sample size 16 18  
Sex 2F, 14M 4F, 14M .66 
Mean age (SD), y 56.9 (10.3) 60.0 (11.5) .41 
Handedness (EHI), n 
Right 
Left 
 
15 
1 
 
16 
2 
 
> .99 
Location of Stroke  
(left hemisphere), n 
16 18 
 
Time Post Onset (SD), mo 47.3 (49.3) 31.1 (51.4) .36 
Mean CAT Severity Score (SD) 51.6 (6.4) 52.3 (5.3) .75 
Note. N = sample size; LIFT = Intensive therapy condition; D-LIFT = Distributed therapy condition; EHI = 
Edinburgh Handedness Index (Oldfield, 1971); CAT = Comprehensive Aphasia Test. 
 
3.3.3 Assessment and Intervention 
Participants completed a comprehensive speech and language assessment battery, 
administered by a qualified speech pathologist, prior to commencing therapy. Outcome 
measures were collected immediately post-therapy and at 1 month follow-up. Where 
possible, assessments were administered by non-treating speech pathologists.  
 
Treatment was based upon the therapy principles outlined in Rodriguez et al. (2013). 
Participants each received 48 hours of aphasia therapy, comprised of 14 hours of 
impairment therapy, 14 hours of functional therapy, 14 hours of computer-based therapy 
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and 6 hours of group therapy. As anomia is a predominant feature of aphasia, impairment 
therapy primarily aimed to remediate word retrieval deficits using a combined Semantic 
Feature Analysis and Phonological Component Analysis approach (Boyle & Coelho, 1995; 
van Hees et al., 2013; Wambaugh, 2003). Computer therapy also targeted word retrieval 
impairments and included training with the software programs StepbyStep (Steps 
Consulting Limited., 2002) and Aphasia Scripts (Rehabilitation Institute of Chicago., 2007). 
Functional therapy was tailored to individuals’ communication goals and included a range 
of treatment approaches, for example script training (Cherney, Halper, Holland, & Cole, 
2008) and communication partner training (Kagan, 1998). Group therapy was based on 
the Aphasia Action Success Knowledge (Aphasia ASK) program (Grohn, Brown, Finch, 
Worrall, Simmons-Mackie, Thomas, unpublished data, 2012) and included education 
regarding stroke and aphasia, compensatory strategies for effective communication and 
avenues to access further support.  
 
A comprehensive Aphasia LIFT manual was developed to promote treatment fidelity. 
Therapy was provided by qualified speech pathologists who received training on the 
treatment approaches used in Aphasia LIFT. In some instances, computer therapy was 
facilitated by speech pathology students or a trained allied health assistant under the 
supervision of a qualified speech pathologist.  
 
3.3.4 Treatment Schedule 
In order to evaluate the effect of treatment intensity, the total dosage of therapy, in number 
of therapy hours, remained constant and the frequency and duration of intervention varied 
between groups. Aphasia LIFT was delivered over 3 weeks (16 hours per week, total 48 
hours), whilst D-LIFT was delivered over 8 weeks (6 hours per week, total 48 hours) 
(Table 3.2). The cumulative treatment intensity for impairment therapy was measured 
according to the framework proposed by Warren et al. (2007) (Appendix E).  
 
Table 3.2 Treatment schedule for Aphasia LIFT 
 LIFT D-LIFT 
Daily intervention 3-4 hours per day 1-2 hours per day 
Session frequency 5 days per week 3-4 days per week 
Weekly dosage 16 hours per week 6 hours per week 
Total intervention duration 3 weeks 8 weeks 
Total intervention dosage 48 hours 48 hours 
Note. LIFT = Intensive therapy condition; D-LIFT = Distributed therapy condition. 
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3.3.5 Outcome Measures 
Outcome measures were selected based on the recommendations of the exploratory 
Phase I/II study investigating the clinical efficacy of Aphasia LIFT (Rodriguez et al., 2013). 
The BNT was administered as the primary outcome measure in order to assess 
participants’ word-retrieval abilities. Secondary outcome measures included a proxy-rated 
measure of participants’ functional communication (Communicative Effectiveness Index, 
CETI) (Lomas et al., 1989), and self-report measures of participants’ communication 
confidence (Communication Confidence Rating Scale for Aphasia, CCRSA) (Babbitt & 
Cherney, 2010) and communication-related quality of life (Assessment of Living with 
Aphasia, ALA) (Kagan et al., 2010). 
 
3.3.6 Statistical Analyses 
Two-tailed t tests and Fisher’s exact tests were used to compare the two cohorts, LIFT and 
D-LIFT, at baseline. In order to evaluate changes on the primary and secondary outcome 
measures, linear mixed models (LMM) were employed. The use of LMM is preferable to 
general linear models (e.g., regression, ANOVA, ANCOVA) for modelling of longitudinal, 
repeated-measures data as it enables explicit modelling of correlation patterns and 
variance-covariance structures (Tabachnick & Fidell, 2007). To evaluate the effect of 
treatment by group (LIFT, D-LIFT), separate models were fit for each outcome measure 
with time (pre-therapy, post-therapy, follow-up) and severity score from the 
Comprehensive Aphasia Test (CAT; Swinburn, Porter, & Howard, 2004) as fixed effects 
and participants as random effects. Furthermore, LMM were used to compare groups 
(LIFT, D-LIFT), co-varied for CAT severity score and pre-therapy performance, on each 
outcome measure at post-therapy and follow-up. The BNT and CETI data were 
transformed prior to analysis using reflect and square root and square root transformations 
(Tabachnick & Fidell, 2007), respectively. Data approximated a normal distribution 
according to the Shapiro-Wilk test of normality (p > .05) (Shapiro & Wilk, 1965).       
 
3.4 Results 
The treatment groups were comparable for age, TPO, sex, handedness and measures of 
language impairment and functional communication at baseline (p > .05). Thirty-two 
participants completed the Aphasia LIFT trial. Two D-LIFT participants (P29, P31) 
withdrew from therapy due to acute-onset medical reasons and their data have been 
excluded from analyses. Another D-LIFT participant (P18) was not available for follow-up 
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testing due to a change in personal circumstances. All 16 participants in the LIFT condition 
completed the therapy program. The mean therapy attendance rate was high (LIFT = 47.7 
hours; D-LIFT = 47.9 hours) and the total dosage of therapy provided, in number of 
therapy hours, was comparable between groups (p = .72). Furthermore, the cumulative 
treatment intensity for impairment-based therapy was comparable between groups (p = 
.66) (Appendix E). 
 
3.4.1 Primary Outcome Measure 
Statistical analyses revealed a significant improvement in naming performance on the BNT 
at post-therapy compared with pre-therapy for LIFT, F(1,15) = 12.93, p = .003, and D-LIFT, 
F(1,15) = 29.92, p < .001 (Figure 3.1, Appendix F). Likewise, there was a significant 
improvement in naming performance on the BNT at follow-up compared with pre-therapy 
for LIFT, F(1,15) = 6.50, p = .02, and D-LIFT, F(1,14.1) = 37.87, p < .001. LMM, co-varied 
for pre-therapy BNT naming performance, revealed a significant difference between 
groups at post-therapy, F(1,28) = 4.91, p = .04, and follow-up, F(1,27) = 11.85, p = .002, 
with naming performance being significantly higher for D-LIFT compared with LIFT.  
 
 
Figure 3.1. Non-transformed scores for primary and secondary outcome measures for Aphasia LIFT and D-
LIFT at pre-therapy, post-therapy and follow-up. (A) Boston Naming Test. (B) Communicative Effectiveness 
Index. (C) Communication Confidence Rating Scale for Aphasia. (D) Assessment of Living with Aphasia. 
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3.4.2 Secondary Outcome Measures 
The CETI data are based on a sample of 28 participants (n = 15 LIFT; n = 13 D-LIFT), as 4 
participants did not have a communication partner participate in the study. Participants’ 
functional communication, as measured by the CETI, was significantly higher for both 
groups at post-therapy, LIFT F(1,9.9) = 31.57, p < .001; D-LIFT F(1,10.7) = 67.21, p < 
.001, and follow-up, LIFT F(1,14) = 34.35, p < .001; D-LIFT F(1,12) = 71.97, p < .001, 
compared with pre-therapy. LMM, co-varied for pre-therapy CETI performance, revealed a 
trend favouring D-LIFT at post-therapy; however, this did not reach significance (p = .05). 
There was no significant difference between groups on the CETI at follow-up (p = .21).  
 
Participants’ communication confidence, as measured by the CCRSA, was significantly 
higher for both groups at post-therapy, LIFT F(1,15) = 7.18, p = .02; D-LIFT F(1,15) = 
16.56, p = .001, and follow-up, LIFT F(1,15) = 6.08, p = .03; D-LIFT F(1,14.3) = 28.07, p < 
.001, compared with pre-therapy. There was no significant difference between groups on 
the CCRSA at post-therapy (p = .79) or follow-up (p = .48).  
 
Finally, there was a significant improvement in participants’ communication-related quality 
of life, as measured by the ALA, for both groups at post-therapy, LIFT F(1,15) = 6.24, p = 
.02; D-LIFT F(1,15) = 10.81, p = .005, and follow-up, LIFT F(1,15) = 9.64, p = .007; D-LIFT 
F(1,14.6) = 8.00, p = .01. There was no significant difference between groups on the ALA 
at post-therapy (p = .37) or follow-up (p = .75).  
 
3.5 Discussion 
This is the first dosage-controlled, parallel-groups design study to compare the short and 
long-term therapeutic outcomes of an intensive versus distributed comprehensive aphasia 
program in participants with chronic aphasia. The present study demonstrated that 
Aphasia LIFT had a positive and enduring effect on participants’ language impairment and 
functional communication. Interestingly, we found that aphasia therapy provided in a 
distributed schedule of 6 hours per week (8 weeks, total 48 hours) resulted in superior 
language gains on the primary outcome measure, the BNT, when compared with an 
intensive treatment regime of 16 hours per week (3 weeks, total 48 hours). This benefit of 
distributed training on word retrieval was maintained 1 month post-therapy. Principles of 
experience-dependent neuroplasticity suggest that treatment intensity is a critical element 
driving neurological and functional recovery post-stroke (i.e., Intensity Matters) (Kleim & 
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Jones, 2008). Our results indicate that when controlling the dosage of therapy provided, 
distributed therapy resulted in significantly greater impairment-based therapy gains 
compared with intensive therapy. The advantage for distributed training, with respect to the 
maintenance of treatment gains, is consistent with the results of Sage et al. (2011) and 
provides support for the distributed practice effect. Sage et al. (2011) used theories of 
learning and cognition to account for the benefit of distributed training on word retrieval in 
aphasia rehabilitation. As learning underpins the rehabilitation process, future 
consideration of these theories as they relate to the dosage, intensity and duration of 
aphasia rehabilitation services is warranted.  
 
With respect to measures of participants’ functional communication (CETI), communication 
confidence (CCRSA) and communication-related quality of life (ALA), we found 
comparable improvements for the intensive and distributed treatment conditions at post-
therapy and 1 month follow-up. Although there was a trend favouring D-LIFT on the CETI 
at post-therapy, this did not reach significance. Importantly, these results indicate that both 
intensive and distributed treatment models had a positive and enduring effect on the real-
life, functional communication of participants. Furthermore, a distributed therapy model did 
not reduce the efficacy of Aphasia LIFT, with respect to participants’ functional 
communication outcomes. 
 
The results of previous dosage-controlled studies suggest that distributed therapy may 
result in equivalent or even superior long-term, clinical gains on impairment-based 
measures of word retrieval when compared with intensive therapy (Raymer et al., 2006; 
Sage et al., 2011). However, due to design limitations and the use of small sample sizes, 
the generalizability of these results is limited. Our study sought to overcome previous 
methodological limitations by investigating the effect of treatment intensity using a parallel 
groups design in a larger sample of participants with chronic aphasia. Furthermore, in 
addition to controlling the total hours of therapy provided, our study measured the 
cumulative treatment intensity for impairment-based therapy, as per Warren et al. (2007), 
to ensure that the dosage of impairment-therapy provided was consistent between groups. 
The findings of this Phase II study build upon the results of earlier research and provide 
increased support for the benefit of distributed training on impairment-based measures of 
word retrieval in adults with chronic aphasia. The next step in this systematic line of 
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research is to conduct a large-scale randomised controlled trial to further investigate the 
effect of treatment intensity on short and long term therapy outcomes. 
 
The outcomes of this study have significant implications for the scheduling and delivery of 
aphasia rehabilitation services. Highly intensive treatment protocols are an emerging 
service delivery model in aphasia rehabilitation (Rose, Cherney, et al., 2013) and 
increasingly clinical guidelines in stroke management are advocating for the delivery of 
intensive services (Foley, Pereira, et al., 2012). However, our results provide support for a 
distributed model of aphasia therapy, with a significant advantage for distributed training 
on measures of language impairment and comparable gains on measures of functional 
communication and communication-related quality of life. In view of an ageing population 
and increasing demands for healthcare services, a distributed therapy model, such as that 
used in our study, presents an efficacious and potentially more feasible alternative model 
of care. Furthermore, for many individuals with aphasia, highly intensive treatment 
protocols may not be clinically appropriate, due to personal, medical and logistical factors 
(Legh-Smith, Denis, Enderby, Wade, & Langton-Hewer, 1987). Consistent with this 
argument, Brady et al. (2012) found that significantly more individuals withdrew from 
intensive therapy than non-intensive therapy. We did not replicate this finding; however, it 
is acknowledged that our sample was comprised of individuals with chronic aphasia who 
volunteered to participate in Aphasia LIFT. As such, our sample may have been subject to 
selection bias. Further research into the clinical suitability and accessibility of intensive 
versus distributed service delivery models in aphasia rehabilitation is an important 
direction for future research.  
 
Due to the complexity of behavioural interventions provided in ICAPs it is difficult to 
determine which elements of therapy may respond to treatment intensity. Previous dosage 
-controlled research suggests that impairment-based therapy may be optimised with 
distributed training. However, it is possible that computer-based therapy or functional 
therapy targeting communication activity/participation may differentially respond to 
treatment intensity. Unfortunately, this research question cannot be resolved by 
investigating a comprehensive therapy program. Whilst this design may be viewed as a 
limitation of the present study, it also reflects the combination of therapy approaches that 
are used in clinical practice.  
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Outcome measurement for aphasia rehabilitation is complex and therapy gains may be 
difficult to quantify with respect to the everyday relevance for individuals with aphasia. In 
view of the comprehensive nature of Aphasia LIFT, this study endeavoured to measure 
outcomes across impairment and activity/participation domains. Whilst we found a 
significant advantage for D-LIFT on an impairment-based measure of word retrieval (BNT), 
it is important to note that both treatment conditions positively influenced the real-life 
effectiveness of participants’ communication at the activity/participation level, as measured 
by a validated assessment tool (CETI).  
 
The definition of intensity in the aphasiology literature is ambiguous, ranging from 5 hours 
per week to > 15 hours per week (Cherney et al., 2011). This study aimed to compare the 
effect of two different levels of treatment intensity, provided at the same total dosage. 
Whilst the distributed schedule employed (6 hours per week, including 2 hours of direct 
impairment therapy) is still less intensive than the 8.8 hours per week deemed necessary 
by Bhogal et al.8 to achieve therapeutic gains, future research could evaluate the effect of 
an even less-intensive treatment model, such as 2 hours per week, which more closely 
approximates usual care. 
 
3.6 Summary and Conclusions 
A distributed model of Aphasia LIFT resulted in the superior acquisition and maintenance 
of language-impairment therapy gains on the primary outcome measure, the BNT, when 
compared with intensive therapy. Aphasia LIFT had a positive effect on participants’ 
functional communication, communication confidence and communication-related quality 
of life, regardless of treatment intensity. This research contributes to our understanding of 
the effect of treatment intensity, independent of therapy dosage, on aphasia rehabilitation 
outcomes. Treatment intensity is integral to the provision of effective and efficient aphasia 
rehabilitation services. Furthermore, establishing optimal treatment intensity is an 
important research question, with implications extending beyond aphasia management to 
the multidisciplinary rehabilitation of stroke. Consequently, the outcomes of this research 
provide an important contribution to the field and have significant implications for clinicians, 
consumers and service providers involved in stroke and aphasia rehabilitation.  
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4. Chapter Four 
The role of treatment intensity on therapeutic outcomes for anomia in 
adults with chronic, post-stroke aphasia. 
 
The study reported in Chapter Three evaluated the effect of treatment intensity on 
language and communication outcomes in adults with chronic, post-stroke aphasia. This 
study found that a distributed therapy model resulted in significantly greater word retrieval 
gains on the Boston Naming Test at post-therapy and 1 month follow-up. Chapter Four 
aimed to further investigate the effect of treatment intensity on measures of language 
impairment. This study examined the effect of treatment intensity on confrontation naming 
accuracy of 30 treated and 30 untreated items in adults with chronic aphasia. As stated in 
1.2.1 of the Introduction, we tested the competing hypotheses that an intensive versus 
distributed therapy schedule would result in superior short and long-term therapy gains 
with regards to confrontation naming of treated and untreated items.  
 
In view of the heterogeneous nature of aphasia, the study reported in Chapter Four 
considered the efficacy of Aphasia LIFT on word retrieval outcomes at both the individual 
and group level. Previous research indicates that individual participant characteristics, 
such as demographic, stroke and language-related factors, may also influence therapy 
outcomes. Consequently, this study further evaluated the effect of individuals’ 
demographic and language profiles, including hypothesised locus of language breakdown, 
on therapy outcomes for anomia.  
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4.1 Abstract 
Background and purpose: There is conflicting evidence regarding the role of treatment 
intensity on therapy outcomes for anomia in adults with aphasia. Despite a trend in the 
literature favouring intensive therapy, a small number of dosage-controlled studies suggest 
that distributed therapy may result in equivalent or even superior naming gains. Aphasia 
Language Impairment and Functioning Therapy (Aphasia LIFT) is a comprehensive 
aphasia program. This study investigated the efficacy of a dosage-controlled trial of 
Aphasia LIFT when delivered in an intensive versus distributed schedule on anomia 
therapy outcomes in adults with chronic aphasia.  We also aimed to establish who may 
benefit from intensive versus distributed therapy with respect to participants’ language and 
demographic profiles.  
Methods: 34 adults with chronic, post-stroke aphasia participated in the study. A baseline 
language assessment was administered, which included an evaluation of participants’ 
receptive and expressive language skills (Comprehensive Aphasia Test) and 3 baseline 
naming probes to identify sets of treated and untreated items. Based on participants’ 
baseline language performance, individuals were classified as having a deficit in semantic 
or phonological processing, or in mapping semantics to phonology. Participants were 
allocated to an intensive (n = 16; LIFT 16 h per week, 3 weeks) versus distributed (n = 18; 
D-LIFT 6 h per week, 8 weeks) treatment condition. Therapy primarily targeted word 
retrieval and included 48 hours of impairment, functional, computer and group-based 
training. The cumulative treatment intensity for impairment-based therapy (i.e., total 
number of therapy exposures for the duration of treatment) was measured for each 
participant. Naming of treated and untreated items was assessed immediately post-
therapy and at 1 month follow-up.     
Results: Both groups made significant improvements in naming of treated items at post-
therapy (LIFT p < .001; D-LIFT p < .001) and at 1 month follow-up (LIFT p < .001; D-LIFT p 
< .001). Furthermore, there was a significant increase in naming untreated items at post-
therapy (LIFT p = .001; D-LIFT p < .001) and 1 month follow-up (LIFT p = .001; D-LIFT p = 
.001). Treatment gains were comparable for LIFT and D-LIFT at post-therapy (treated 
items p = .63; untreated items p = .15) and 1 month follow-up (treated items p = .68; 
untreated items p = .49). At the individual level, participants with semantic processing 
deficits demonstrated the most variable response to treatment. Qualitatively, a greater 
proportion of D-LIFT versus LIFT participants maintained treatment gains and achieved 
generalisation to untreated items. Aphasia severity was significantly correlated with 
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therapy outcomes for the LIFT group only (post-therapy p < .001; 1 month follow-up p = 
.005). Cumulative treatment intensity and participants’ age and time post onset (TPO) did 
not correlate with treatment outcomes (p > .05).    
Conclusions: Intensive and distributed models of Aphasia LIFT resulted in improved 
naming for treated and untreated items at post-therapy and 1 month follow-up. Therapy 
gains were comparable across groups and importantly a distributed treatment model did 
not reduce the efficacy of Aphasia LIFT. Participants’ age, TPO and cumulative treatment 
intensity did not influence therapy outcomes. At the individual level there was a trend 
favouring D-LIFT with respect to the maintenance and generalisation of treatment gains. 
However, it is not possible to draw conclusions regarding LIFT versus D-LIFT in this 
respect, because of the limited sample size. Further research with a larger cohort of 
participants is required. Despite trends in the literature advocating for intensive treatment, 
this research provides evidence that both intensive and distributed therapy can be 
efficacious in the remediation of anomia. These findings have important clinical 
implications for service delivery models in aphasia rehabilitation.  
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4.2 Introduction 
Anomia is a predominant feature of aphasia (Laine & Martin, 2006) and can affect 
individual’s ability to convey thoughts and emotions, engage in conversation and 
participate in daily communicative activities (Best et al., 2011; Hilari, 2011; Ledorze & 
Brassard, 1995; Maher & Raymer, 2004). Much research has been directed to the 
development of treatment techniques for anomia (for a review see Laine & Martin, 2006; 
Nickels, 2002c; Whitworth, Webster, & Howard, 2005). A meta-analysis conducted by 
Wisenburn and Mahoney (2009) found that intervention for word retrieval difficulties in 
aphasia is efficacious, even when commenced in the chronic phase of recovery. However, 
limited evidence exists to guide intervention with respect to the optimal amount, intensity 
and duration of anomia therapy. In order to deliver clinically beneficial and cost-effective 
aphasia rehabilitation services, information about these important service delivery factors 
is required.  
 
Neuroscience research suggests that intensive training facilitates brain reorganisation and 
repair subsequent to stroke (Kleim & Jones, 2008). Furthermore, the benefit of intensive 
training has been replicated in motor studies of stroke rehabilitation (Kwakkel et al., 2004; 
Kwakkel et al., 1999; Lohse et al., 2014). Increasingly, stroke rehabilitation guidelines are 
advocating for the provision of intensive rehabilitation services (Foley, Pereira, et al., 2012) 
and intensive service delivery models are gaining popularity in aphasia rehabilitation 
(Rose, Cherney, et al., 2013). However, despite a number of systematic reviews and 
meta-analyses being conducted to evaluate the role of treatment intensity in aphasia 
rehabilitation, (Brady et al., 2012; Cherney et al., 2011) this important research question 
remains unresolved (see Chapter 2 for a comprehensive review of this work). Although 
there is general support for the assumption that greater amounts of therapy result in 
greater therapeutic outcomes (Bhogal, Teasell, Foley, & Speechley, 2003; Bhogal, 
Teasell, & Speechley, 2003; Robey, 1998), few studies have considered the effect of 
therapy intensity independent of therapy dosage. Furthermore, specific recommendations 
regarding optimal training schedules for aphasia and anomia rehabilitation remain elusive 
(Cherney, 2012).   
 
A number of studies have aimed to investigate the role of treatment intensity in aphasia 
rehabilitation; however, because of methodological limitations their findings have been 
limited. For example, many studies have failed to control the type or amount of treatment 
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provided, or have not included a low-intensity control group (Bakheit et al., 2007; Basso & 
Caporali, 2001; Brindley, Copeland, Demain, & Martyn, 1989; Code, Torney, Gildea-
Howardine, & Willmes, 2010; Denes, Perazzolo, Piani, & Piccione, 1996; Godecke, Hird, 
Lalor, Rai, & Phillips, 2011; Goldenberg, Dettmers, Grothe, & Spatt, 1994; Hinckley & Carr, 
2005; Hinckley & Craig, 1998; Poeck, Huber, & Willmes, 1989; Pulvermuller et al., 2001). 
To date, a small number of studies have systematically investigated the role of treatment 
intensity on aphasia therapy outcomes while controlling the type and amount of therapy 
provided. Ramsberger and Marie (2007), Raymer, Kohen, and Saffell (2006), and Sage, 
Snell, and Lambon Ralph (2011) each considered the effect of treatment intensity, 
independent of amount of therapy provided, on impairment-based measures of word 
retrieval in adults with chronic, post-stroke aphasia. The findings of these studies indicate 
that when controlling the total amount of therapy provided, distributed therapy achieves 
equivalent, or even superior, long-term therapy outcomes for trained stimuli compared with 
intensive therapy. However, these studies have utilised small sample sizes (4 to 8 
participants) and have provided a relatively limited total amount of therapy (10 hours to 24 
hours). Furthermore, these studies each employed a repeated-measures cross-over 
design and as such, their maintenance data may be confounded by carry-over effects or a 
period effect (Robey & Schultz, 1998). Given the frequent presentation of anomia in adults 
with aphasia and considering the practical implications of treatment schedule for 
rehabilitation services, further investigation into the effect of treatment intensity on word 
retrieval therapy outcomes in aphasia rehabilitation is warranted. 
 
Research conducted within the field of cognitive psychology has investigated the effect of 
training schedule (i.e., massed versus distributed training) on learning outcomes in healthy 
adults. The distributed practice effect, or spacing effect, is a robust phenomenon that 
suggests an advantage for information learnt in a distributed training schedule compared 
with a massed training schedule (Dempster, 1989). Much research has been conducted to 
replicate this effect and the benefits of distributed training have been demonstrated in 
verbal learning tasks involving words, nonwords, sentences, and paragraph recall (for a 
review see Cepeda et al., 2006; Donovan & Radosevich, 1999).  
 
Studies have also investigated the effect of training schedule, using a paradigm called 
spaced retrieval training, on memory performance in clinical populations (e.g., Traumatic 
Brain Injury (TBI) and dementia) (Haslam, Hodder, & Yates, 2011). In spaced-retrieval 
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training individuals are required to actively recall information over repeated trials. The 
interval between trials is manipulated, depending on response accuracy. For example, if a 
correct response is provided the interval between trials is increased, whereas for incorrect 
responses the interval between trials is reduced. The contracting or expanding training 
schedule also helps to minimise the production of errors. A small number of studies have 
considered the efficacy of spaced retrieval training in anomia rehabilitation; however, the 
evidence remains inconclusive (Fridriksson, Holland, Beeson, & Morrow, 2005; Morrow & 
Fridriksson, 2006). Furthermore, it is important to acknowledge that spaced retrieval 
training is based upon small inter-stimulus intervals within training sessions. As such, the 
timeframe for spaced retrieval training is quite different to the scheduling of rehabilitation 
services.  
 
A small body of research has investigated the distributed practice effect in the 
rehabilitation of clinical populations. Studies have provided support for the benefits of 
distributed treatment in adults with multiple sclerosis (Goverover, Hillary, et al., 2009) and 
amnesia (Cermak et al., 1996). This effect has also been replicated in the rehabilitation of 
adults with acquired traumatic brain injury (TBI) (Goverover, Arango-Lasprilla, et al., 2009; 
Hillary et al., 2003) and a recent review of the cognitive rehabilitation literature has 
advocated for the implementation of distributed training principles in rehabilitation 
programs for adults with acquired TBI (Velikonja et al., 2014). Similar to the spaced 
retrieval training literature, however, these studies have frequently used small inter-trial 
intervals. As such, further research investigating the distributed practice effect in clinical 
populations and using more realistic rehabilitation schedules is warranted.  
 
A consensus and clear terminology surrounding parameters of treatment intensity is 
important for answering questions about the role of intensity in aphasia rehabilitation. 
Warren, Fey, and Yoder (2007) propose a model for defining treatment intensity in aphasia 
rehabilitation, which delineates dose form (i.e., therapy task), dose (i.e., number of therapy 
inputs per session), dose frequency (i.e., number of therapy sessions per unit time), total 
intervention duration (i.e., total time period of therapy) and cumulative treatment intensity 
(i.e., dose x dose frequency x total intervention duration). This model enables greater 
consistency in measuring parameters of treatment intensity and consequently facilitates 
the comparison of research findings across studies. Harnish et al. (2014) effectively 
employed the use of this model to measure cumulative treatment intensity in a 
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computerised, cued-naming study for anomia rehabilitation. This study provided eight 
presentations of 50 pictures, totalling 400 teaching episodes per session. Harnish et al. 
(2014) found that all eight participants made significant naming gains within the first three 
training sessions (i.e., 1200 teaching episodes), and therapy gains were maintained for six 
out of seven participants at 8 weeks follow-up. However, to date few other studies have 
implemented the use of this model and further research is required in order to enable 
direct comparisons regarding the role of treatment intensity.   
 
The present study was conducted as part of a broader research project investigating the 
role of dosage-controlled, treatment intensity on communication outcomes in people with 
aphasia across the World Health Organisations’ International Classification of Functioning, 
Disability and Health (WHO-ICF) (World Health Organization., 2001). The therapy 
program, Aphasia Language, Impairment and Functioning Therapy (Aphasia LIFT), is a 
comprehensive aphasia program developed at the University of Queensland. Preliminary 
research has demonstrated that Aphasia LIFT positively affects participants’ language 
impairment, functional communication and quality of life (Dignam et al., 2015; Rodriguez et 
al., 2013). To date, specific consideration of the effect of Aphasia LIFT on word retrieval 
for treated and untreated items at both the individual and group-level has not been 
reported. Consistent with previous dosage-controlled studies of treatment intensity in 
anomia rehabilitation (Ramsberger & Marie, 2007; Raymer et al., 2006; Sage et al., 2011), 
explicit reporting of therapy outcomes for treated and untreated items enables clear 
consideration of the effect of treatment intensity on word retrieval in individuals with 
aphasia. The present study aimed to evaluate the effect of Aphasia LIFT when delivered in 
an intensive versus distributed therapy schedule on naming accuracy of treated and 
untreated items in adults with chronic, post-stroke aphasia. Whilst there is evidence 
supporting the efficacy of anomia therapy, research indicates that not all individuals with 
anomia achieve the same response to treatment (Best & Nickels, 2000). As such, we also 
considered which participants responded to anomia therapy, with respect to language 
profile and locus of language breakdown, and considered how individual treatment 
response may be influenced by intensity.  This research has important clinical implications 
for the rehabilitation of word retrieval impairments in adults with aphasia and has direct 
implications for service delivery models and the scheduling of anomia therapy services.   
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4.3 Methods 
4.3.1 Participants 
As previously described in Chapter Three, thirty-four participants (28 M, 6 F; Mean age 
58.5 years, SD 10.9) with chronic, post-stroke aphasia resulting from unilateral, left 
hemisphere stroke participated in the study (Chapter 3, Table 3.1). Participants were 
allocated to an intensive (LIFT, n = 16) or distributed (D-LIFT, n = 18) treatment condition 
based on their geographic location, the availability of a position within the research 
program and personal factors (e.g., participant availability, transport, accommodation). All 
participants were > 4 months post-stroke (mean 38.7 months, SD 50.4), spoke fluent 
English prior to their stroke and were diagnosed with aphasia based on a score of < 62.8 
on the Comprehensive Aphasia Test (CAT; Swinburn et al., 2004). One participant (P33) 
with a borderline CAT aphasia severity score of 63.0 was included in the study because of 
the presence of significant word-finding difficulties in conversation. Participants with 
comorbid neurological impairments, severe apraxia of speech or dysarthria were excluded 
from the study. 
 
4.3.2 Assessment 
Participants completed a language assessment battery, administered by a qualified 
speech pathologist, prior to commencing therapy. Participants’ receptive and expressive 
language skills were evaluated using the Comprehensive Aphasia Test (CAT; Swinburn et 
al., 2004) (Appendix G). In order to identify targets for anomia therapy, three baseline 
naming probes were administered. Therapy outcomes for treated and untreated items 
were collected immediately post-therapy and at 1 month follow-up.  
 
4.3.2.1 Confrontation Naming Probes 
Three baseline naming probes were administered using 309 picture stimuli (nouns) 
obtained from the Bank of Standardized Stimuli (BOSS) (Brodeur, Dionne-Dostie, 
Montreuil, & Lepage, 2010). Picture stimuli were displayed on a computer screen in a 
confrontation naming task and accurate responses and self-corrections produced within 10 
seconds were scored as correct. A total of 48 items that the participant was unable to 
name accurately (0/3 or 1/3 on baseline assessment) was selected and randomly 
allocated to treated (n= 24) and untreated (n = 24) items. In order to provide a level of 
success with therapy, 12 items that the participant was able to name accurately (2/3 or 3/3 
on baseline assessment) were also selected and randomly allocated to treated (n = 6) and 
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untreated items (n = 6). Independent-samples t tests confirmed that treated and untreated 
control sets were comparable with respect to baseline naming accuracy, SUBTITLE 
frequency (Balota et al., 2007), name agreement (Brodeur et al., 2010), and number of 
syllables (p > .05). During the course of therapy, confrontation naming accuracy for treated 
and untreated items was probed after every 3 hours of impairment therapy. Naming 
probes were administered at the start of therapy sessions and no feedback on 
performance was provided.  
 
4.3.2.2 Locus of Breakdown 
Participants’ primary locus of breakdown was identified by analysing baseline performance 
on the CAT and the confrontation naming probes. Consistent with the procedure used in 
van Hees et al. (2013) and Dignam, Copland, et al. (2016), participants were classified as 
having either predominantly semantic (i.e., semantic system), phonological (i.e., 
phonological output lexicon, phonological assembly buffer) or lexical access (i.e., 
accessing lexical representations from semantics) deficits. Participants were categorised 
as having predominantly semantic deficits if they made semantic errors on tasks of 
spoken/written word comprehension, had similar impairments in spoken/written naming, 
made semantic paraphasias in naming and had relatively preserved real-word reading and 
repetition, suggesting intact lexical representations despite impaired semantics. 
Participants were categorised as having predominantly phonological impairments if they 
demonstrated intact spoken/written word comprehension, had superior written naming 
compared with spoken naming, made phonological paraphasias in naming with little or no 
benefit of phonemic cueing, and had impaired real-word reading and repetition, suggesting 
impairment at the lexical level despite intact semantics. Finally, participants were identified 
as having a deficit in accessing phonological word forms from the semantic system if they 
demonstrated intact spoken/written word comprehension, had preserved real-word reading 
and repetition and benefited from phonemic cueing during naming, suggesting intact 
lexical representations and semantic processing, with a breakdown in the connection 
between the semantic system and phonological output lexicon. 
 
4.3.3 Therapy 
Therapy procedures were conducted in accordance with the principles of Aphasia LIFT, 
outlined in Dignam et al. (2015) (Chapter Three) and Rodriguez et al. (2013). Participants 
each completed 48 hours of aphasia therapy, which was comprised of 14 hours of 
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impairment therapy; 14 hours of computer therapy; 14 hours of functional therapy and 6 
hours of group therapy. Treatment for the intensive therapy condition was delivered over 3 
weeks (16 h per week, total 48 hours), whereas treatment for the distributed therapy 
condition was delivered over 8 weeks (6 h per week, total 48 hours). A comprehensive 
Aphasia LIFT treatment manual was developed to promote treatment fidelity. Therapy was 
delivered by qualified speech pathologists who had received training in the therapy 
approaches and procedures of Aphasia LIFT. In some circumstances, computer therapy 
was facilitated by speech pathology students or a trained allied health assistant under the 
supervision of a qualified speech pathologist.  
 
As the present study aimed to investigate the effect of treatment intensity on word retrieval 
for treated and untreated items, the following section will focus on the interventions within 
Aphasia LIFT that specifically addressed single word retrieval, namely impairment therapy 
and computer therapy.  
 
4.3.3.1 Impairment Therapy 
A combined semantic-phonological approach was adopted for impairment therapy, which 
incorporated both semantic feature analysis (SFA) and phonological components analysis 
(PCA) (Boyle & Coelho, 1995; Hashimoto, 2012; van Hees et al., 2013; Wambaugh, 
2003). Treated items were randomly allocated to three treatment sets (i.e., Set A, Set B, 
Set C), which contained 10 targets and were matched for baseline naming accuracy (p > 
.05). Treatment sets were trained consecutively during impairment therapy (e.g., Set A 
hours 1-5; Set B hours 6-10; Set C hours 11-14). The cumulative treatment intensity for 
impairment based therapy was measured for each participant according to the model 
proposed by Warren et al. (2007) (Appendix E).  
 
4.3.3.2 Computer Therapy 
Consistent with impairment therapy, computer therapy aimed to remediate word retrieval 
impairments and involved training with the computer software program, StepbyStep (Steps 
Consulting Limited., 2002). The specific tasks and hierarchies used in computer therapy 
(i.e., repetition, confrontation naming, and cueing) were selected by the treating speech 
pathologist and were individualised for participants. The target stimuli used for StepbyStep 
training consisted of the treatment items used in impairment therapy and were treated in a 
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rotating schedule in order to maintain treatment effects during the program (e.g., whilst Set 
A was treated in impairment therapy, Set B and Set C were treated in computer therapy).  
 
4.3.4 Data Analysis 
Both individual and group-level analyses were conducted to evaluate changes in treated 
and untreated items in response to anomia therapy. Analysis of individual data was 
conducted using the WEighted Statistics Rate Of Change (WEST-ROC) method outlined 
in Howard, Best, and Nickels (2014). Participants’ pre-therapy confrontation naming 
performance for treated and untreated items was compared with naming accuracy post-
therapy and at follow-up using a weighted one sample t test. Each item was scored as 
either correct (1) or incorrect (0) at baseline (baseline 1, 2, and 3) and after the treatment 
phase (post-therapy, follow-up). Scores were multiplied by the weightings 2, -1, -4, 3, and 
3 at each time point, respectively, as per Howard et al. (2014). The weighted scores for 
each item were then summed and used in a one sample t test. A significant result on the 
one sample t test indicates that the amount of improvement in the treatment phase is 
significantly different to that in the baseline phase. To ensure that treatment effects 
occurred in the positive direction and that there was an overall trend for improvement, the 
results of the WEST-ROC analyses were confirmed with the WEST-Trend method 
(Howard et al., 2014). 
 
Group-level data were analysed using Linear Mixed Models (LMM). Prior to analyses, data 
for treated items were transformed using reflect and square root transformations 
(Tabachnick & Fidell, 2007). Data approximated a normal distribution according to the 
Shapiro-Wilk test (p > .05) (Shapiro & Wilk, 1965). In order to evaluate therapy effects for 
treated and untreated items, separate models were fit for each group (LIFT, D-LIFT) with 
time (pre-therapy, post-therapy, follow-up) as a fixed effect and participants as a random 
effect. Effect sizes were calculated to determine the magnitude of treatment effects (Figure 
4.1). LMM were also used to investigate the role of treatment intensity by comparing 
treatment outcomes between groups (LIFT, D-LIFT) at post-therapy and follow-up, when 
co-varied for baseline naming performance and aphasia severity.  Finally, we compared 
the maintenance of treatment effects between groups by evaluating performance from 
post-therapy to follow-up, when co-varied for baseline performance and aphasia severity. 
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Figure 4.1 Formula used to calculate Effect Sizes for group-level data. 
 
In order to obtain a single treatment outcome score, consistent with the procedures of 
Lambon Ralph et al. (2010), the proportion of potential maximal gain for treated items was 
calculated at post-therapy and follow-up for each participant e.g., (Post-therapy raw score 
– Mean baseline naming score) / (Number of therapy items – Mean baseline naming 
score). We evaluated the strength and direction of the relationship between therapy 
outcomes for treated items and participant-related factors (i.e., age, aphasia severity, Time 
Post Onset) and service delivery factors (i.e., cumulative treatment intensity).  The 
proportion of potential maximal gain for treated items at post-therapy was transformed 
using a reflect and logarithmic transformation (Tabachnick & Fidell, 2007)3. Where data 
were normally distributed according to the Shapiro-Wilk test (i.e., age, aphasia severity, 
cumulative treatment intensity), we used exploratory Pearson’s correlations. Time post 
onset was unable to be transformed to approximate a normal distribution. As such, we 
used non-parametric Spearman’s correlations to evaluate the relationship between 
treatment gains and TPO.  
 
4.4 Results 
Thirty-two participants completed the therapy trial. Two D-LIFT participants withdrew from 
the study prior to completion of therapy because of acute onset illness (P29, P31). The 
results from these participants have been excluded from analyses. One D-LIFT participant 
did not complete the follow-up assessment because of a change in personal 
circumstances (P18). The therapy attendance rate for participants was high (LIFT = 47.7 
hours; D-LIFT = 47.9 hours) and was comparable between groups (p = .72). Furthermore, 
the cumulative treatment intensity for impairment-based therapy was comparable between 
groups (LIFT = 118.3; D-LIFT = 114.3; p = 0.66). 
 
Analysis of participants’ baseline performance on the CAT and confrontation naming 
probes revealed that three participants presented with a predominantly phonological 
                                            
3
 Please note the influence of the reflect and logarithmic transformation on the interpretation of positive and negative 
values.  
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deficit, 10 participants presented with a predominantly semantic deficit and 19 participants 
presented with a breakdown in mapping semantics to phonology (Appendix G). 
 
Results of the individual case-series analysis will be reported followed by group-level 
results. Significant improvements in naming accuracy for treated items was found for 26 
out of 32 participants (12 out of 16 LIFT; 14 out of 16 D-LIFT) at post-therapy (p < .05; 
one-tailed) (Table 4.1). These gains were maintained for 21 out of 31 participants (9 out of 
16 LIFT; 12 out of 15 D-LIFT) at 1 month follow-up. Furthermore, a significant 
improvement in naming accuracy for untreated items was found for 9 out of 32 participants 
(2 out of 16 LIFT; 7 out of 16 D-LIFT) at post-therapy and was maintained for six out of 31 
participants (1 out of 16 LIFT; 5 out of 15 D-LIFT) at 1 month follow-up. 
 
At the group level, LMM revealed a significant increase in confrontation naming accuracy 
for treated items at post-therapy compared with pre-therapy for LIFT, F(1,15) = 50.5, p < 
.001, ES = 2.5, and D-LIFT, F(1,15) = 74.9, p < .001, ES = 3.0 (Figure 4.2). Furthermore, 
there was a significant increase in confrontation naming accuracy at follow-up compared 
with pre-therapy for LIFT, F(1,15) = 34.1, p < .001, ES = 2.0, and D-LIFT, F(1,15.1) = 47.1, 
p < .001, ES = 2.3. LMM, co-varied for aphasia severity and pre-therapy confrontation 
naming accuracy, revealed no significant difference between groups at post-therapy (p = 
.63) or follow-up (p = .68). 
 
 
0
5
10
15
20
25
30
LIFT D-LIFT LIFT D-LIFT
Treated Items Untreated Items
R
a
w
 S
c
o
re
Naming Accuracy
Pre-Therapy
Post-Therapy
Follow-up
 
Figure 4.2 Raw confrontation naming scores at pre-therapy (mean), post-therapy and 1 month follow-up for 
LIFT and D-LIFT. 
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Table 4.1 Individual therapy outcomes for treated and untreated items. 
  Treated Items       
Proportional Gain 
Untreated Items   
Proportional Gain 
ID Group Post-therapy Follow-up Post-therapy Follow-up 
8 LIFT .96* .63* .25 .21 
14 LIFT .96* .91* .42 .33 
12 LIFT .91* .66* .43* .30 
9 LIFT .87* .78* .45* .45* 
6 LIFT .84* .32 .28 .38 
15 LIFT .83* .58* .11 .24 
1 LIFT .82* .56* .24 .10 
7 LIFT .77* .61* .26 .22 
3 LIFT .57* .45* -.04 .21 
11 LIFT .51* .23 .12 -.01 
2 LIFT .43* .27 -.02 .12 
10 LIFT .34* .26* .10 .10 
5 LIFT .33 .06 .11 -.10 
13 LIFT .30 .39 -.07 .10 
4 LIFT .25 .18 .07 .04 
16 LIFT .10 .03 -.01 -.01 
22 D-LIFT 1.00* .95* .67* .43* 
21 D-LIFT .95* .80* .26 .22 
30 D-LIFT .95* .95* .70* .85* 
18 D-LIFT .91* n/a .55 n/a 
34 D-LIFT .91* .91* .43* .38* 
33 D-LIFT .85* .69* .37* .47* 
25 D-LIFT .82* .64* .54* .44 
32 D-LIFT .82* .68* .44* .23 
28 D-LIFT .81* .76* .60* .40* 
27 D-LIFT .77* .63* .05 -.05 
26 D-LIFT .71* .43* .26 .22 
20 D-LIFT .58* .42* .15 .24 
24 D-LIFT .43* .57* .29 .14 
19 D-LIFT .40* .08 -.11 -.11 
17 D-LIFT .21 .16 .15 .07 
23 D-LIFT .06 .06 .02 .02 
Note. ID = Participant identification; LIFT = Intensive treatment condition;  
D-LIFT = Distributed treatment condition; 
*
 WEST-ROC Analysis p < .05. 
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LMM revealed a significant increase in confrontation naming accuracy for untreated items 
at post-therapy compared with pre-therapy for LIFT, F(1,15) = 15.7, p = .001, ES = 0.9, 
and D-LIFT, F(1,15) = 31.5, p < .001, ES = 1.6. Furthermore, there was a significant 
increase in confrontation naming accuracy at follow-up compared with pre-therapy for 
LIFT, F(1,15) = 19.2, p = .001, ES = 1.0, and D-LIFT, F(1,15) = 18.8, p = .001, ES = 1.2. 
LMM, co-varied for aphasia severity and pre-therapy confrontation naming accuracy, 
revealed no significant difference between groups at post-therapy (p = .15) or follow-up (p 
= .49). 
 
The maintenance of treatment effects was further evaluated using LMM to compare 
naming accuracy at follow-up with naming accuracy at post-therapy for treated and 
untreated items. Whilst for both groups (LIFT, D-LIFT) naming accuracy for treated items 
at follow-up was significantly greater than baseline, both LIFT, F(1,15)= 24.6, p < .001, and 
D-LIFT, F(1,14.1) = 15.2, p = .002, showed a significant reduction in naming accuracy 
between post-therapy and follow-up. Comparisons of the maintenance of treatment effects 
between LIFT and D-LIFT, co-varied for pre-therapy confrontation naming accuracy and 
aphasia severity, revealed no significant time x group interaction (p = .12). There was no 
significant change in naming performance for untreated items between post-therapy and 
follow-up for LIFT (p = .93) or D-LIFT (p = .06). 
 
Pearson’s correlations revealed a strong, positive relationship between treatment gains 
and CAT aphasia severity at post-therapy, r(16) = -.782, p < .001, and 1 month follow-up, 
r(16) = .665, p = .005, for the LIFT condition. The relationship between therapy gains and 
aphasia severity was not significant for the D-LIFT condition at post-therapy (p = .14) or 
follow-up (p =.07). There was no significant relationship between treatment gains and age, 
TPO or cumulative treatment intensity for either LIFT or D-LIFT at post-therapy or 1 month 
follow-up (p > .05).  
 
4.5 Discussion 
This study evaluated the effect of treatment intensity on naming accuracy for treated and 
untreated items in adults with chronic, post-stroke aphasia. Both intensive and distributed 
therapy had a positive effect on word retrieval for treated items immediately post-therapy 
and treatment effects were maintained for 1 month post-therapy. Furthermore, both groups 
(LIFT, D-LIFT) made significant gains in naming accuracy for untreated items immediately 
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post-therapy and these effects were maintained at 1 month follow-up.  At the individual 
level, analysis revealed a variable response to treatment. The majority of participants (26 
out of 32 participants) achieved statistically significant gains in naming accuracy for treated 
items post-therapy and this was maintained for approximately two thirds of participants (21 
out of 31 participants) at 1 month follow-up. Furthermore, there was evidence supporting 
the generalisation of treatment effects to untreated items for a small number of participants 
at post-therapy (nine out of 32 participants) and this was maintained for six participants at 
follow-up. The findings of the present study are consistent with the results of Dignam et al. 
(2015) and Rodriguez et al. (2013), which found a positive and enduring treatment effect 
for Aphasia LIFT on measures of participants’ language impairment, and provide further 
support for the efficacy of Aphasia LIFT in the remediation of word retrieval deficits. 
 
4.5.1 Treatment Intensity 
In order to enable direct comparisons across treatment conditions (LIFT, D-LIFT), 
consistent with the recommendations of Warren et al. (2007) we measured the cumulative 
treatment intensity of Aphasia LIFT. To investigate the role of treatment intensity we 
controlled the dose form (treatment type) and session duration (60 minutes) of impairment 
therapy, whilst manipulating the session frequency (LIFT 4-5 x per week; D-LIFT 1-2 x per 
week) and the total intervention duration (LIFT 3 weeks; D-LIFT 8 weeks). Overall the 
cumulative treatment intensity was comparable between groups (LIFT 118.3; D-LIFT 
114.3; p = .66). Furthermore, the total amount of therapy, in number of therapy hours, was 
comparable across groups. Both groups (LIFT, D-LIFT) made significant improvements in 
word retrieval for treated and untreated items at post-therapy and follow-up, regardless of 
treatment intensity. These findings are generally consistent with the results of a small 
number of studies that have previously investigated the effect of dosage-controlled, 
treatment intensity on word retrieval outcomes in adults with chronic aphasia (Dignam et 
al., 2015; Mozeiko, Coelho, & Myers, 2015; Ramsberger & Marie, 2007; Raymer et al., 
2006; Sage et al., 2011). Together, the results of these studies provide evidence that a 
distributed therapy schedule does not reduce the efficacy of anomia therapy and that 
therapy outcomes for distributed treatment may be comparable, if not superior, to intensive 
therapy in individuals with chronic aphasia. It is important to acknowledge, however, that 
the lack of difference between treatment schedules in the present study may relate in part 
to the larger cumulative treatment intensity provided. Furthermore, the distributed 
treatment schedule consisted of 6 hours of aphasia therapy per week, which may still be 
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considered intensive when compared with previous research (Raymer et al., 2006; Sage et 
al., 2011).  
 
We also considered the effect of cumulative treatment intensity on anomia therapy 
outcomes. Pearson’s correlations revealed that there was no significant relationship 
between cumulative treatment intensity and therapy outcomes for treated items at post-
therapy or 1 month follow-up for either LIFT or D-LIFT. Interestingly, the participant with 
the highest cumulative treatment intensity (P17) failed to achieve therapy gains at post-
therapy or 1 month follow-up. These findings are consistent with the results of Laganaro et 
al. (2006a), which investigated the effect of number of exposures of treatment stimuli on 
therapy outcomes for anomia.  Laganaro et al. (2006a) found that despite having fewer 
exposures during therapy, a large treatment set (96 items) resulted in superior therapeutic 
outcomes, with respect to number of treated items successfully named, compared with a 
small treatment set (48 items). Furthermore, in a review of the SFA literature Boyle (2010) 
considered the effect of quantity of treatment, defined as ‘the number of opportunities for 
practicing treated behaviour’ (p. 417), on the maintenance of anomia therapy gains. Boyle 
(2010) found that the participant with the greatest opportunities for practice, with respect to 
number of therapy hours and naming attempts, failed to maintain treatment gains. 
Consequently, Boyle (2010) concluded that the quantity of therapy was unlikely to have 
influenced the maintenance of treatment gains for that participant. Consistent with these 
studies, our findings suggest that cumulative treatment intensity did not influence anomia 
therapy outcomes. However, we measured the number of exposures to treatment task and 
not the number of repetitions of treatment stimuli. As repetition is thought to influence 
treatment-induced plasticity (Kleim & Jones, 2008), further investigation into the 
relationship between cumulative intensity, number of repetitions and treatment outcome is 
required.  
 
4.5.2 Maintenance of Treatment Effects 
Previous research conducted with healthy adults has suggested that training schedules 
may influence the long-term maintenance of learning outcomes (Cepeda et al., 2009; 
Litman & Davachi, 2008). Furthermore, the distributed practice effect asserts that optimal 
long-term learning is achieved with distributed versus massed training schedules 
(Dempster, 1989). Whilst we found that both groups maintained treatment effects above 
baseline performance at 1 month follow-up, there was a significant reduction in naming 
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accuracy for both groups between post-therapy and follow-up. A numerically higher 
proportion of D-LIFT participants maintained treatment gains at 1 month follow-up 
compared with LIFT participants (LIFT 9 out of 16 participants; D-LIFT 12 out of 15 
participants) (Table 4.1). However, group-level comparisons revealed no significant time x 
group interaction (p = .12), suggesting that the maintenance of anomia therapy gains for 
intensive versus distributed training was comparable at 1 month follow-up. It is possible 
that a larger sample size is required to detect differences in the maintenance of treatment 
gains between groups. In addition, considering the significant reduction in naming 
accuracy between post-therapy and 1 month follow-up for both groups, further research 
considering factors that promote the maintenance of treatment gains is required.  
 
4.5.3 Generalisation of Treatment Effects 
A desirable goal of anomia therapy is for treatment effects to generalise to untreated items 
and more broadly, to improve functional communication. However, despite this goal, the 
evidence for generalisation of anomia therapy to untreated items is limited (Nickels, 
2002c). In a review of the anomia literature, Best et al. (2013) found that approximately 
one quarter of individuals with aphasia demonstrated generalisation. Best et al. (2013) 
suggest that anomia treatments with a focus on process, such as SFA and PCA therapy, 
are more likely to result in generalisation than those treatments targeting representations 
(e.g., Leonard, Rochon, & Laird, 2008; Lowell, Beeson, & Holland, 1995). These 
treatments provide a structured process to facilitate retrieval of treated items, which can 
then also be applied to the retrieval of untreated items. Furthermore, Best et al. (2013) 
found that individuals with relatively preserved lexical-semantic processing and more 
impaired phonological encoding deficits were more likely to demonstrate generalisation to 
untreated items. In the present study, we found improved naming for untreated items in a 
small sample of participants. Nine out of 32 participants (28%) demonstrated improved 
naming for untreated items at post-therapy and this was maintained for six participants 
(19%) at 1 month follow-up. Somewhat in contrast to Best et al. (2013), we found that 
generalisation was not limited to individuals with intact lexical-semantic processing and 
individuals with diverse language profiles demonstrated generalisation to untreated items. 
 
Despite comparable generalisation effects at the group level, analysis of individual 
outcomes revealed that there was a trend favouring D-LIFT. Seven out of the nine 
participants with improved naming for untreated items at post-therapy and five out of the 
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six participants at 1 month follow-up received distributed versus intensive therapy. This 
trend is further reflected in the effect sizes for naming of untreated items at post-therapy 
(LIFT = 0.9; D-LIFT = 1.6) and 1 month follow-up (LIFT = 1.0; D-LIFT = 1.2). A number of 
theories have been proposed to account for the advantage of distributed training over 
massed training; however, few of these theories can be applied to the effects of 
generalisation. One possible account for our findings is the rehearsal hypothesis (Delaney 
et al., 2010; Dempster, 1989). This theory suggests that distributed training enables 
greater opportunities for mental rehearsal between sessions, promoting a deeper level of 
processing and thus facilitating learning. In this case, the distributed treatment condition 
enabled greater mental rehearsal (conscious or unconscious) of the structured word 
retrieval process trained in SFA and PCA therapy, thus facilitating learning. This word 
retrieval process could then be employed to facilitate naming of untreated items. 
Furthermore, the distributed treatment schedule (i.e., 8 weeks) allowed for increased use 
of the process in functional communication contexts during the therapy period, further 
supporting generalisation. In contrast, the intensive treatment condition (i.e., 3 weeks) 
resulted in fewer opportunities for mental rehearsal of the trained word retrieval process 
and limited use of the process in functional communication contexts, because of the 
shorter duration of therapy. Consequently, fewer participants from the intensive treatment 
condition achieved generalisation.  
 
An alternative explanation for the advantage of distributed therapy on the generalisation to 
untreated items can be drawn from Sage et al. (2011). As discussed in Chapter Two, Sage 
et al. (2011) used learning algorithms to account for the benefit of distributed therapy on 
word retrieval outcomes for adults with aphasia. Data presented by Nickels (2002a) 
suggest that attempted naming of stimuli, with no feedback or direct instruction, may result 
in increased naming accuracy for those stimuli. Nickels (2002a) proposed that attempted 
naming may increase the resting activation of the target representation, making it more 
likely to be accurately retrieved on future trials. Consequently, Howard et al. (2014) 
suggest that improved naming of untreated items in clinical word retrieval studies may be 
the result of exposure to untreated items during confrontation naming probes rather than 
the effects of generalisation. With respect to the results of the present study, it is possible 
that exposure to untreated items during the confrontation naming probes, which were 
administered every 3 hours of impairment therapy, may have inadvertently resulted in 
improved naming for untreated items. Furthermore, consistent with the learning algorithms 
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proposed by Sage et al. (2011), the distributed presentation of probes in the D-LIFT 
condition may account for the trend favouring naming of untreated items after distributed 
therapy.      
 
We have presented two possible explanations for the trend favouring generalisation in the 
distributed training group. However, the cognitive mechanisms underlying generalisation 
and the distributed practice effect are still debated and further theoretically motivated 
research is required. Furthermore, despite a trend favouring D-LIFT at the individual level, 
it is important to acknowledge that group-level analyses indicate comparable 
generalisation results. In view of the limited sample size in the present study, further 
consideration of the effect of treatment intensity on the generalisation of anomia therapy 
outcomes in a larger cohort of participants is warranted. 
 
4.5.4 Locus of Language Breakdown 
Analysis of the individual results revealed that not all participants achieved the same 
response to anomia therapy. As such, we qualitatively considered participants’ language 
profiles to determine if participants’ locus of breakdown influenced treatment outcomes. 
Interestingly, participants with semantic processing deficits demonstrated the most varied 
response to treatment. Of the 10 participants with impaired semantic processing, only five 
participants made significant improvements in naming for treated items at post-therapy 
and maintained these gains at 1 month follow-up. Impairment therapy incorporated a 
combined semantic-phonological approach to naming and was comprised of SFA and 
PCA therapy.  SFA therapy is based on the spreading activation theory of semantic 
processing (Collins & Loftus, 1975) and is hypothesised to operate by facilitating semantic 
activation, increasing the semantic specificity of representations and strengthening 
semantic connections (Boyle, 2004; Boyle & Coelho, 1995; Nickels, 2002c). However, 
recent research has suggested that the application of semantic-based treatment tasks for 
individuals with semantic processing impairments may not facilitate recovery (van Hees et 
al., 2013). van Hees et al. (2013) suggest that for some individuals with impaired semantic 
processing the activation of semantically related concepts, in a task such as SFA, may 
inadvertently result in increased competition of semantically-related targets in the 
phonological output lexicon and thus inhibit naming. Although a combination of SFA and 
PCA therapy was used in the present study, the application of SFA therapy for individuals 
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with impaired semantic processing may have led to increased competition in the system 
and inhibited treatment gains for these participants.  
 
It is also important to acknowledge that participants with a breakdown in semantic 
processing also typically presented with more severe aphasia, based on their performance 
on the CAT, and presented with auditory comprehension deficits. As such, it is possible 
that aphasia severity and comprehension deficits may have also influenced participants’ 
response to therapy (Lambon Ralph et al., 2010; Marshall, Tompkins, & Phillips, 1982; 
Murray et al., 2004; Paolucci et al., 2005). Of those with semantic processing impairment, 
a comparable number of LIFT and D-LIFT participants responded to therapy. Hence, 
qualitatively, treatment intensity did not appear to influence therapy response for 
participants with a breakdown in semantic processing.  
 
Participants with a language profile consistent with a breakdown in mapping semantics to 
phonology generally demonstrated a positive response to therapy. Eighteen out of the 19 
participants whose locus of breakdown was predominantly mapping semantics to 
phonology made significant gains in naming of treated items at post-therapy. Fifteen out of 
19 participants maintained these treatment gains at 1 month follow-up. It is hypothesised 
that SFA and PCA therapy focus predominantly on semantic and phonological processing, 
respectively. Consequently, the repeated activation of semantics and phonology during 
SFA and PCA therapy may have strengthened the connections between these processes, 
thus facilitating naming for these participants. Furthermore, it should be noted that SFA 
and PCA therapy may each elicit processing in the other domain. For example, the 
presence of the word form in SFA therapy would activate its phonological representation, 
whereas the presence of the picture in PCA therapy would activate its conceptual-
semantic representation. Thus, the simultaneous activation of semantics and phonology in 
SFA and PCA therapy may also account for the enhanced efficiency or strengthening in 
mapping from semantics to phonology.  Of the participants who didn’t respond to therapy, 
one D-LIFT participant (P23) failed to achieve treatment gains at post-therapy and 1 month 
follow-up and three LIFT participants (P2, P6, P11) failed to maintain treatment gains at 1 
month follow-up. Hence, for participants with a breakdown in mapping semantics to 
phonology, there was a trend favouring the maintenance of therapy gains for distributed 
therapy compared with intensive therapy. However, it is not possible to draw any 
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conclusions regarding LIFT versus D-LIFT in this respect, given the limited number of 
participants involved. 
 
Only a small number of participants (n = 3) presented with impaired phonological 
processing as their predominant locus of breakdown. As such, it is difficult to draw 
conclusions regarding the relationship between locus of breakdown and response to 
treatment. All three participants made significant gains in naming for treated items at post-
therapy. One out of two participants maintained treatment gains at 1 month follow-up and 
the remaining participant (P18) was unavailable for follow-up testing because of personal 
reasons. Further research specifically investigating treatment response in adults with 
impaired phonological processing is required.  
 
4.5.5 Aphasia Severity 
We found a strong, positive relationship between therapy outcomes and aphasia severity 
for the LIFT condition. This finding is consistent with previous reports in the literature, 
suggesting that response to therapy is influenced by aphasia severity (Lambon Ralph et 
al., 2010; Marshall et al., 1982). Interestingly, however, there was no correlation between 
therapy outcomes and aphasia severity for the D-LIFT condition. Previous research 
suggests that clinical populations with impaired learning may benefit from distributed 
training (Camp et al., 1996; Riches et al., 2005). As such, it is possible that individuals with 
severe aphasia may differentially respond to intensive versus distributed therapy. 
Individuals with severe aphasia have previously been shown to respond to intensive 
language treatments such as Constraint Induced Aphasia Therapy (CIAT) (Attard et al., 
2013; Meinzer et al., 2005; Meinzer et al., 2012; Szaflarski et al., 2008). However, direct 
comparisons with equivalent treatments delivered less intensively are generally lacking 
(Mozeiko et al., 2015). Due to the inherent variability in aphasia severity, this research 
question may more appropriately be considered using a within-subjects design. 
Consequently, the comparative effect of intensive versus distributed therapy for individuals 
with severe aphasia is an important consideration for future research.  
 
4.5.6 Participant Characteristics 
There has previously been debate in the literature regarding the influence of age on 
rehabilitation outcomes for aphasia (Basso, 1992; Plowman et al., 2012; Watila & 
Balarabe, 2015). Whilst the neuroscience literature suggests that training induced plasticity 
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occurs more readily in younger brains (i.e., Age Matters) (Kleim & Jones, 2008), a review 
conducted by Basso (1992) found that anagraphical factors, including age, had minimal 
effect on the therapeutic outcomes for aphasia rehabilitation. Consistent with this review, 
age was not significantly correlated with treatment outcomes in the present study, although 
it should be noted our sample did not include adults over 77 years of age. We also found 
that therapy outcomes were not significantly correlated with TPO. Encouragingly, 
participants as long as 18 years post-stroke demonstrated a positive response to 
treatment. This finding is further supported by the review conducted by Allen et al. (2012) 
which asserts that aphasia therapy initiated greater than 6 months post stroke onset can 
be effective. 
 
4.6 Summary and Conclusions 
Anomia is a predominant feature of aphasia and hence much effort is directed to the 
treatment of word retrieval deficits. This study investigated the role of treatment intensity 
on therapy outcomes for anomia in adults with chronic aphasia. We further considered 
participants’ locus of language breakdown and demographic profile to evaluate who may 
benefit from intensive versus distributed therapy. We found that Aphasia LIFT had a 
positive effect on participants’ word retrieval skills and that intensive and distributed 
training resulted in comparable treatment gains. Importantly, distributed therapy did not 
reduce the efficacy of Aphasia LIFT. Consideration of individual participant results 
revealed that there was a trend favouring D-LIFT with respect to the maintenance and 
generalisation of treatment gains; however, it is important to acknowledge that these 
trends were observed in a limited sample size. Further research investigating these effects 
in a larger cohort of participants is required. Nevertheless, this study has advanced our 
understanding of the influence of dosage-controlled treatment intensity on anomia therapy 
outcomes and has important clinical implications. Despite a trend in the literature favouring 
intensive treatment, our research provides evidence that both intensive and distributed 
therapy models can be efficacious. Consequently, both treatment models should be 
considered in the scheduling and provision of anomia rehabilitation services for individuals 
with chronic aphasia.  
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5. Chapter Five 
The relationship between novel word learning and anomia treatment 
success in adults with chronic aphasia. 
 
The studies reported in Chapter Three and Chapter Four investigated the effect of 
treatment intensity on language and communication outcomes in adults with aphasia. 
Furthermore, in Chapter Four the influence of individuals’ demographic and language 
profiles on anomia therapy success were evaluated. A distributed model of Aphasia LIFT 
was found to result in comparable, if not superior, language and communication outcomes 
when compared with an intensive model. Consistent with this finding, we found no 
significant relationship between anomia therapy outcomes and cumulative treatment 
intensity for impairment-based therapy. Instead, participants’ language profiles and locus 
of language breakdown were found to influence anomia therapy success.  
 
In addition to baseline language performance, previous research indicates that individuals’ 
learning and cognitive ability may also influence aphasia therapy outcomes. Research into 
learning in adults with aphasia has the potential to increase our understanding of the 
cognitive mechanisms supporting treatment-induced recovery and to advance 
rehabilitation methods. Consequently, in Chapter Five  individuals’ verbal learning ability 
was measured using a novel word learning paradigm. This study was conducted using a 
subset of participants (n = 30) previously reported in Chapter Four. The aim of this study 
was to investigate the relationship between novel word learning ability and anomia therapy 
outcomes. As detailed in 1.4.1 of the Introduction it was hypothesised that participants 
would demonstrate significant learning, as measured by increased accuracy of recognition 
and recall, on a test of novel word learning ability. Furthermore, it was hypothesised that 
individuals’ novel word learning ability would influence the acquisition and maintenance of 
anomia therapy gains. A secondary aim of this study was to evaluate the relationship 
between individuals’ novel word learning ability, locus of language breakdown and therapy 
outcomes for anomia. The content of this chapter has been adapted from a manuscript 
entitled “The relationship between novel word learning and anomia treatment success in 
adults with chronic aphasia”, which is currently under review in the journal 
Neuropsychologia.  
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5.1 Abstract 
Background and purpose: Learning capacity may influence an individual’s response to 
aphasia rehabilitation. However, investigations into the relationship between novel word 
learning ability and response to anomia therapy are lacking. The aim of the present study 
was to evaluate the novel word learning ability of adults with post-stroke aphasia and to 
establish the relationship between learning ability and anomia treatment outcomes. We 
also explored the influence of locus of language breakdown on novel word learning ability 
and anomia treatment response.  
Methods: 30 adults (6F; 24M) with chronic, post-stroke aphasia were recruited to the 
study. Prior to treatment, participants underwent an assessment of language, which 
included the Comprehensive Aphasia Test and three baseline confrontation naming 
probes in order to develop sets of treated and untreated items. We also administered the 
novel word learning paradigm, in which participants learnt novel names associated with 
unfamiliar objects and were immediately tested on recall (expressive) and recognition 
(receptive) tasks. Participants completed 48 hours of Aphasia Language Impairment and 
Functioning Therapy (Aphasia LIFT) over a 3 week (intensive) or 8 week (distributed) 
schedule. Therapy primarily targeted the remediation of word retrieval deficits, so naming 
of treated and untreated items immediately post-therapy and at 1 month follow-up was 
used to determine therapeutic response.   
Results: Performance on recall and recognition tasks demonstrated that participants were 
able to learn novel words; however, performance was variable and was influenced by 
participants’ aphasia severity, lexical-semantic processing and locus of language 
breakdown. Novel word learning performance was significantly correlated with participants’ 
response to therapy for treated items at post-therapy.  In contrast, participants’ novel word 
learning performance was not correlated with therapy gains for treated items at 1 month 
follow-up or for untreated items at either time point. Therapy intensity did not influence 
treatment outcomes.  
Conclusions: This is the first group study to directly examine the relationship between 
novel word learning and therapy outcomes for anomia rehabilitation in adults with aphasia. 
Importantly, we found that novel word learning performance was correlated with therapy 
outcomes. We propose that novel word learning ability may contribute to the initial 
acquisition of treatment gains in anomia rehabilitation.  
 
Key words: aphasia, language, learning, anomia, rehabilitation, intensity. 
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5.2 Introduction 
How therapy affects the recovery of language functions in aphasia rehabilitation remains 
uncertain. One area of research that is generating increasing interest in the field of 
aphasia is the role of learning in recovery and rehabilitation. Learning is fundamental to the 
rehabilitation process and underlies the reactivation of existing knowledge, the 
development of compensatory strategies and the acquisition of new skills and behaviours 
(Hopper & Holland, 2005). Preliminary research indicates that the learning trajectory in 
individuals with aphasia is different to healthy adults (Vallila-Rohter & Kiran, 2013a). Whilst 
there is evidence that individuals with aphasia are able to acquire new information, it is 
suggested that both verbal and non-verbal learning processes may be impaired in 
individuals with aphasia (Tuomiranta et al., 2012; Vallila-Rohter & Kiran, 2013a, 2013b). 
Developing a greater understanding of the role of verbal learning in individuals with 
aphasia has important theoretical implications for models of language processing. 
Furthermore, knowledge of the techniques that promote successful learning in individuals 
with aphasia may help to devise targeted language interventions and facilitate 
rehabilitation (Basso et al., 2001; Breitenstein et al., 2004).    
 
Caramazza and Hillis (1993) proposed a theory of rehabilitation in order to facilitate the 
remediation of acquired cognitive disorders. Consistent with the cognitive 
neuropsychological approach to rehabilitation, this theory is based on an understanding of 
the individual’s impaired cognitive processes, relative to a healthy model of cognitive 
processing, and subsequently the formulation of hypotheses about how intervention may 
remediate these impaired processes. However, as Baddeley (1993b) suggests, it is 
important that a comprehensive theory of rehabilitation incorporates evidence from 
cognitive psychology research regarding the underlying mechanisms of learning and 
memory. An understanding of the principles that govern adult learning may help to 
facilitate behavioural change in adults with acquired language disorders, such as aphasia 
(Hopper & Holland, 2005). As learning is central to the therapeutic process, principles of 
human learning are fundamental to the development of theoretically motivated aphasia 
rehabilitation programs and ultimately to the development of a theory of rehabilitation 
(Basso et al., 2001; Ferguson, 1999).  
 
Developing a theory of rehabilitation for aphasia, incorporating human learning, is a 
complex and aspirational task. Kelly and Armstrong (2009) suggest that an important first 
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step in developing this theory is to better understand how verbal learning occurs in 
individuals with aphasia. It is currently unknown whether language recovery in aphasia 
rehabilitation is the result of new learning and the development of new neuronal 
connections, or the result of the reactivation of previously stored verbal information, or a 
combination of the two (Kelly & Armstrong, 2009; Laganaro, Di Pietro, & Schnider, 2006b). 
Furthermore, the mechanisms by which therapy results in improved naming are uncertain 
(Nickels, 2002c; Nickels & Best, 1996b; van Hees et al., 2013). Many different accounts 
have been proposed to explain how naming therapy works, including; the learning of new 
(conscious or unconscious) strategies, re-learning of lexical-semantic information (e.g., 
increased specificity of semantic representations), semantic facilitation (e.g., spreading 
activation of semantic networks to raise the target above threshold) and priming (e.g., 
reducing the threshold of activation required to retrieve the target from the semantic 
system or phonological output lexicon) (for a review see Nickels, 2002c). Consequently, 
this remains a controversial topic and further empirical investigations into the mechanisms 
of learning and treatment-induced recovery in individuals with aphasia may help to further 
understand how anomia therapy works.  
 
One method of investigating verbal learning in aphasia is to consider the acquisition of 
new or novel verbal information. Extensive research has been conducted to investigate the 
cognitive mechanisms supporting vocabulary acquisition in children and novel word 
learning in healthy adults (Baddeley, Gathercole, & Papagno, 1998; Gupta, 2003). The 
phonological loop is responsible for the short-term retention and rehearsal of verbal 
information (Baddeley & Hitch, 1974). Research suggests that verbal short-term memory, 
specifically the phonological loop, may play an important role in vocabulary acquisition and 
word learning (Baddeley et al., 1998; Gupta, 2003). Further evidence to support this 
relationship is provided by reliable correlations between the verbal short-term memory 
tasks, nonword repetition and immediate serial recall (i.e., forward digit span), and word 
learning (Gathercole & Baddeley, 1989; Gupta, 2003). This relationship has been 
demonstrated in children, healthy adults and adults with acquired neuropsychological 
impairments (Baddeley, 1993a; Gathercole & Baddeley, 1989; Martin & Gupta, 2004). 
Furthermore, emerging evidence of this relationship in individuals with aphasia has been 
reported (Gupta et al., 2006); however, further investigation in adults with acquired 
language impairments is still required.  
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A small number of studies have investigated novel word learning in individuals with 
aphasia (Breitenstein et al., 2004; Freedman & Martin, 2001; Gupta et al., 2006; Kelly & 
Armstrong, 2009; Tuomiranta et al., 2011; Tuomiranta et al., 2012). These studies indicate 
that people with aphasia retain, at least in some capacity, the ability to acquire novel 
verbal information.  Many of these studies have investigated novel word learning by pairing 
novel phonological word forms (i.e., nonwords) with existing semantic representations (i.e., 
known meanings) (Breitenstein et al., 2004) or, alternatively, have paired familiar word 
forms (i.e., known words) with new semantic representations (i.e., novel semantics) 
(Freedman & Martin, 2001). The use of previously acquired, familiar stimuli (i.e., known 
word forms and/or meanings) combined with a novel word form or meaning allows 
individuals’ to rely on existing representations to support their learning. Furthermore, the 
use of familiar stimuli may be influenced by factors such as imageability, word frequency 
and word-priming effects (Tuomiranta et al., 2012). Alternatively, the use of entirely novel 
stimuli (e.g., novel word form paired with novel semantics) enables a relatively pure 
investigation of individuals’ word learning abilities. 
 
Few studies have explicitly evaluated novel word learning in aphasia using novel word 
forms combined with novel or unfamiliar objects. Research conducted by Tuomiranta and 
colleagues  (Tuomiranta, Camara, et al., 2014; Tuomiranta et al., 2011; Tuomiranta, 
Gronroos, Martin, & Laine, 2014; Tuomiranta et al., 2012) explored the acquisition and 
maintenance of novel vocabulary stimuli in individuals with chronic aphasia using the 
Ancient Farming Equipment (AFE) paradigm (Laine & Salmelin, 2010). In each study, 
participants attended four training sessions, which involved explicit teaching of 20 novel 
stimuli. Evaluation of participants’ novel word learning was conducted during one post-
training assessment and four follow-up assessments, conducted at 1 week, 4 weeks, 8 
weeks and 6 months post-training.  The studies revealed heterogeneity in the participants’ 
acquisition and maintenance of novel word stimuli, as measured by spontaneous and cued 
confrontation naming. Tuomiranta et al. (2011) and Tuomiranta et al. (2012) found that 
novel word learning outcomes were influenced by lexical-semantic processing, with 
individuals with impaired lexical-semantic processing demonstrating poorer novel word 
learning when compared with participants with intact lexical-semantic processing. 
Furthermore, the modality of stimulus input (i.e., orthographic versus auditory input) was 
found to influence learning outcomes, with superior word learning outcomes achieved via 
orthographic input versus auditory input (Tuomiranta, Gronroos, et al., 2014). Finally, in a 
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single case study of a participant with aphasia, Tuomiranta, Camara, et al. (2014) revealed 
that techniques that facilitated novel word learning (i.e., orthographic processing) were 
also successful in the training of previously known, real-word stimuli. This finding has 
important implications for clinical practice; however, further research into the relationship 
between novel word learning and anomia treatment success in a larger sample of 
participants is required.   
 
Kelly and Armstrong (2009) also investigated the acquisition of novel vocabulary items in 
12 individuals with chronic aphasia. Participants were instructed to learn the novel word 
names for 20 unfamiliar picture stimuli over four learning sessions. The study incorporated 
techniques identified to optimise learning outcomes in healthy adults, such as active 
participation, opportunity for rehearsal, pre-exposure, mnemonics and errorless learning. 
As part of the training, participants were allocated up to 30 minutes of independent 
learning time per session in order to rehearse and consolidate their learning of novel 
stimuli. Participants’ novel word learning was measured using a battery of receptive and 
expressive language tasks, summed to give a composite learning score. Consistent with 
the results of Tuomiranta et al. (2011) and Tuomiranta et al. (2012), Kelly and Armstrong 
(2009) found evidence supporting the acquisition of novel words in individuals with 
aphasia, with participants’ composite learning scores ranging from 15% to 99% accuracy.  
 
Gupta et al. (2006) investigated novel word learning in a sample of 20 individuals with 
aphasia using a combination of phonological (nonword repetition), receptive (recognition) 
and expressive (recall) learning tasks. Gupta et al. (2006) also considered how novel word 
learning related to participants’ semantic and phonological processing abilities, which were 
measured using standardised and laboratory developed assessments. The novel word 
learning performance of individuals’ with aphasia was significantly lower than that of 
healthy control subjects. Interestingly, semantic processing ability significantly predicted 
receptive recognition but not phonological learning and phonological processing ability 
significantly predicted phonological learning but not receptive recognition. Consequently, 
the authors concluded that intact semantic and phonological processing are integral 
components for novel word learning.   
 
Finally, Laganaro et al. (2006b) considered the effect of psycholinguistic variables on the 
acquisition of novel words for three individuals with aphasia. Novel word forms were paired 
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with unfamiliar, abstract pictures and participants’ learning was measured using a written 
confrontation naming task. An evaluation of the relationship between the recovery of 
treated, real-word stimuli and novel word learning was not a direct aim of this research. 
However, the authors incidentally reported that there was seemingly no direct relation 
between the recovery of treated real-words and novel word learning in the three 
participants. Laganaro et al. (2006b) reported data from a small sample of participants (n = 
3) who presented with aphasia due to traumatic brain injury (TBI) or stroke and ranged 
from 2 to 4 months post onset. In view of the possible variations in the underlying 
pathophysiology of these participants and the potential confounds of spontaneous 
recovery, further investigation into the relationship between novel word learning and 
treatment outcomes for anomia is required.  
 
Previous studies indicate that individuals with aphasia are able to acquire, at least to some 
extent, novel vocabulary items. Experimental data indicate that most individuals with 
aphasia perform better on receptive versus expressive assessments of newly acquired 
verbal information (Gupta et al., 2006; Kelly & Armstrong, 2009; Tuomiranta et al., 2012) 
and that there is much individual variability in participants’ word learning abilities (Kelly & 
Armstrong, 2009). However, research conducted to date has utilised small sample sizes 
(Kelly & Armstrong, 2009; Tuomiranta, Camara, et al., 2014; Tuomiranta et al., 2011; 
Tuomiranta, Gronroos, et al., 2014; Tuomiranta et al., 2012) and has included participants 
with aphasia resulting from traumatic brain injury in the sub-acute phase of recovery 
(Laganaro et al., 2006b). Studies investigating novel word learning in a large sample of 
participants with chronic, post-stroke aphasia are limited. Tuomiranta, Camara, et al. 
(2014) investigated whether techniques noted to promote novel word learning in an 
individual with chronic aphasia also assisted treatment-induced recovery of real-word 
stimuli.  However, to our knowledge, no study has systematically evaluated how novel 
word learning relates to treatment response to anomia therapy in a large sample of adults 
with aphasia. A greater understanding of novel word learning is of interest in aphasia, as it 
may help to inform neural and cognitive mechanisms of recovery and may help to predict 
individuals’ potential for improvement. In addition, knowledge of verbal learning processes 
in individuals with aphasia may serve to identify conditions that promote optimal learning 
and consequently inform new treatment techniques and approaches. 
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The present study was conducted as part of a broader research project evaluating the 
efficacy of a comprehensive aphasia therapy program, Aphasia Language Impairment and 
Functional Therapy (Aphasia LIFT). Previous research has demonstrated that Aphasia 
LIFT positively affects individuals’ language impairment, functional communication and 
communication-related quality of life (Dignam et al., 2015; Rodriguez et al., 2013). The 
objective of the present study was to assess the novel word learning abilities of individuals 
with aphasia and to investigate the relationship between novel word learning and therapy 
outcomes for anomia following Aphasia LIFT. Specifically, this study aimed to: 1) Evaluate 
the relationship between novel word learning ability and therapy outcomes as measured 
by naming of treated and untreated items and 2) Explore how treatment intensity  and 
neuropsychological measures (e.g., locus of language breakdown, aphasia severity, 
nonword repetition, immediate serial recall) may relate to individuals’ novel word learning 
ability and therapeutic outcomes.  
 
5.3 Methods 
5.3.1 Participants 
Thirty individuals (24 M, 6 F; Mean age 59.2 years, SD 11.1) from the broader Aphasia 
LIFT research study (Dignam et al., 2015) were recruited to participate in an additional 
study of novel word learning (Table 5.1, Appendix H). Participants presented with chronic 
aphasia resulting from unilateral, left hemisphere stroke/s. All participants were > 4 months 
post onset (mean 38.3 months, SD 51.1), spoke fluent English prior to their stroke and 
were diagnosed with aphasia based on a score of < 62.8 on the Comprehensive Aphasia 
Test (CAT; Swinburn et al., 2004). Participants with comorbid neurological impairments, 
severe apraxia of speech or severe dysarthria were excluded from the study. In order to 
evaluate the effect of treatment intensity on therapy outcomes, participants were allocated 
to an intensive (LIFT, n = 13) or distributed (D-LIFT, n = 17) treatment condition. Group 
allocation was based on individuals’ geographic location, the availability of a position within 
the research program and personal factors (e.g., participant availability, transport, 
accommodation). This study was approved by the relevant institutional ethics committees 
and written informed consent was obtained from participants prior to participation in study 
procedures. 
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Table 5.1 Sample characteristics at baseline  
Variable LIFT D-LIFT Total  
Sample size 13 17 30 
Sex 3F, 10M 3F, 14M 6F, 24M 
Mean age (SD), y 58.1 (10.3) 60.1 (11.9) 59.2 (11.1) 
Handedness (EHI), n 
Right 
Left 
 
12 
1 
 
15 
2 
 
27 
3 
Location of Stroke  
(left hemisphere), n 
13 17 30 
Time Post Onset (SD), mo 46.3 (49.7) 32.2 (52.8) 38.3 (51.1) 
Note. N = sample size; LIFT = Intensive therapy condition; D-LIFT = Distributed therapy condition; EHI = 
Edinburgh Handedness Index. 
 
5.3.2 Assessment 
Participants completed a language assessment battery, administered by a qualified 
speech pathologist, prior to commencing therapy.  The assessment battery included a 
standardised assessment of participants’ receptive and expressive language skills (CAT), 
three baseline confrontation naming probes (to develop individualised sets of treated and 
untreated items) and assessment of participants’ verbal learning skills using a novel word 
learning paradigm. Participants’ baseline language profiles are displayed in Appendix I. 
Confrontation naming accuracy for treated and untreated items was probed after every 3 
hours of impairment-based therapy. Naming probes were administered at the start of the 
therapy session and participant feedback was not provided. Outcome measures for treated 
and untreated items were collected immediately post-therapy and at 1 month follow-up. 
 
An estimate of participants’ lexical-semantic processing was obtained by taking the sum of 
participants’ auditory and written single word comprehension scores from the CAT. In 
order to identify participants’ locus of breakdown we analysed participants’ performance on 
the CAT and the baseline confrontation naming probes. Consistent with van Hees et al. 
(2013), participants were classified as having either predominantly semantic (i.e., semantic 
system), phonological (i.e., phonological output lexicon, phonological assembly buffer) or 
lexical access (i.e., accessing lexical representations from semantics) deficits. Participants 
were categorised as having predominantly semantic deficits if they made semantic errors 
on tasks of spoken/written word comprehension, had similar impairments in spoken/written 
naming, made semantic paraphasias in naming and had relatively preserved real-word 
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reading and repetition, suggesting intact lexical representations despite impaired 
semantics. Participants were categorised as having predominantly phonological 
impairments if they demonstrated intact spoken/written word comprehension, had superior 
written naming compared with spoken naming, made phonological paraphasias in naming 
with little or no benefit of phonemic cueing, and had impaired real-word reading and 
repetition, suggesting impairment at the lexical level, despite intact semantics. Finally, 
participants were identified as having a deficit in accessing phonological word forms from 
the semantic system if they demonstrated intact spoken/written word comprehension, had 
preserved real-word reading and repetition and benefited from phonemic cueing during 
naming, suggesting intact lexical representations and semantic processing, with a 
breakdown in the connection between the semantic system and phonological output 
lexicon.  
 
5.3.2.1 Confrontation Naming Probes 
In order to select targets for therapy, three baseline naming probes were administered 
using 309 picture stimuli (nouns) obtained from the Bank of Standardized Stimuli (BOSS) 
(Brodeur et al., 2010). Picture stimuli were displayed on a computer screen in a 
confrontation naming task and accurate responses and self-corrections produced within 10 
seconds were scored as correct. Forty-eight items that the participant was unable to name 
accurately (0/3 or 1/3 on baseline assessment) were selected and randomly allocated to 
treated (n = 24) and untreated (n = 24) items. In order to provide a level of success with 
therapy, 12 items that the participant was able to name accurately (2/3 or 3/3 on baseline 
assessment) were also selected and randomly allocated to treated (n =6) and untreated (n 
= 6) items. Treated and untreated control sets were matched for baseline naming 
accuracy, SUBTITLE frequency (Balota et al., 2007), name agreement (Brodeur et al., 
2010), and number of syllables. 
 
5.3.2.2 Novel Word Learning 
Participants completed three novel word learning sessions (learning 1, learning 2, learning 
3), scheduled over 1 week (mean 6.8 days, SD 3.3).  Participants were instructed to learn 
novel names for 15 unfamiliar picture stimuli in a paired-associate learning task (Figure 
5.1). The stimuli consisted of black and white line drawings of ancient Finnish farm 
equipment (i.e., AFE paradigm) (Laine & Salmelin, 2010). Novel words (i.e., nonwords) 
were selected from the stimuli developed by Gupta et al. (2004) and consisted of four to 
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five phonemes, were two syllables in length and followed phonotactic conventions of the 
English language. Experiments were conducted on a Dell laptop computer using the E-
Prime 1.0 software (Psychology Software Tools., Pittsburgh, PA). The learning sessions 
each consisted of four training blocks. During a training block, 15 picture stimuli were 
individually presented in the centre of the computer screen for 10 seconds, accompanied 
by the auditory and written word name. Participants were instructed to repeat the picture 
name, in order to facilitate learning. The order of the presentation of the stimuli was 
different for each training block and there was a short break between the four blocks. 
Following completion of the training phase, a recall (expressive) task was completed. The 
15 picture stimuli were individually presented on the computer screen for 10 seconds and 
the participant was asked to name the object. Verbal responses were audio-recorded. 
After the recall task, participants completed a recognition (receptive) task. The written 
name of the target stimuli was presented for 10 seconds accompanied by the auditory 
name. Two picture stimuli were displayed on the computer screen and participants were 
asked to select the picture that matched the written / auditory target by clicking the left or 
right mouse button. The accuracy of participants’ responses was recorded electronically. 
The same procedure was followed for each of the three learning sessions (i.e., four 
training blocks immediately followed by a recall and recognition task). Recall and 
recognition accuracy was not probed at the start of learning sessions 2 and 3 and there 
was no consolidation time after the end of learning session 3. 
 
         
Figure 5.1 Novel word learning paradigm (A) Experimental design for the novel word learning trials. (B) 
Example of novel word stimuli. Unfamiliar picture paired with novel word form presented auditorily and 
orthographically.      
 
5.3.3 Therapy 
Therapy procedures were conducted in accordance with the principles of Aphasia LIFT, 
outlined in Rodriguez et al. (2013) and Dignam et al. (2015). Participants each completed 
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48 hours of aphasia therapy, which was comprised of 14 hours of impairment therapy; 14 
hours of computer therapy; 14 hours of functional therapy and 6 hours of psycho-social 
group therapy. Treatment for the intensive therapy condition was delivered over 3 weeks 
(16 h per week, total 48 hours), whereas treatment for the distributed therapy condition 
was delivered over 8 weeks (6 h per week, total 48 hours) (Chapter 3, Table 3.2). Therapy 
was delivered by qualified speech pathologists who had received training in the therapy 
approaches and procedures of Aphasia LIFT. In some circumstances, computer therapy 
was facilitated by speech pathology students or a trained allied health assistant under the 
supervision of a qualified speech pathologist.  
 
As the present study aimed to investigate the mechanisms of single word learning in adults 
with aphasia, the following section will focus on intervention that specifically aimed to 
remediate single word retrieval, namely impairment therapy and computer therapy.  
 
5.3.3.1 Impairment Therapy 
A combined semantic-phonological approach was adopted for impairment therapy, which 
incorporated both semantic feature analysis (SFA) and phonological components analysis 
(PCA) (Boyle & Coelho, 1995; Hashimoto, 2012; van Hees et al., 2013; Wambaugh, 
2003). Treated items were randomly allocated to three treatment sets (i.e., Set A, Set B, 
Set C), which contained 10 targets and were matched for baseline naming accuracy (p > 
.05). Treatment sets were trained consecutively during impairment therapy (e.g., Set A 
hours 1-5; Set B hours 6-10; Set C hours 11-14).  
 
5.3.3.2 Computer Therapy 
Consistent with impairment therapy, computer therapy aimed to remediate word retrieval 
impairments and involved training with the computer software program, StepbyStep (Steps 
Consulting Limited., 2002). The specific tasks and hierarchies used in computer therapy 
(i.e., repetition, confrontation naming, and cueing) were selected by the treating speech 
pathologist and were individualised for participants. The target stimuli used for StepbyStep 
training consisted of the treated items used in impairment therapy and were treated in a 
rotating schedule in order to maintain treatment effects during the program (e.g., whilst Set 
A was treated in impairment therapy, Set B and Set C were treated in computer therapy).  
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5.4 Results  
Twenty-eight participants completed the therapy trial. Two D-LIFT participants withdrew 
from the study prior to completion of therapy due to acute onset illness. The results from 
these participants have been excluded from analyses. One D-LIFT participant did not 
complete the follow-up assessment due to a change in personal circumstances. Therapy 
attendance was high (LIFT = 47.7 h; D-LIFT = 47.9 h) and was comparable between 
groups (p = .77). 
 
A detailed analysis of participants’ baseline performance on the CAT and confrontation 
naming probes revealed that four participants presented with a predominantly phonological 
deficit, nine participants presented with a predominantly semantic deficit and 17 
participants presented with a breakdown in the mapping between the semantic system and 
the phonological output system (Appendix I).  
 
5.4.1 Treated and Untreated Items 
Analysis of individual data was conducted using the WEighted Statistics Rate Of Change 
(WEST-ROC) method outlined in Howard et al. (2014). Participants’ pre-therapy 
confrontation naming performance for treated and untreated items was compared with 
naming accuracy post-therapy and at follow-up using a weighted one sample t test. Each 
item was scored as either correct (1) or incorrect (0) at baseline (baseline 1, 2, and 3) and 
after the treatment phase (post-therapy, follow-up). Treated and untreated items were 
scored as correct if all phonemes were accurately produced in their correct location (i.e., 
100% accuracy). Scores were multiplied by the weightings 2, -1, -4, 3, and 3 at each time 
point, respectively, as per Howard et al. (2014). The weighted scores for each item were 
then summed and used in a one sample t test. A significant result on the one sample t test 
indicates that the amount of improvement in the treatment phase is significantly different to 
that in the baseline phase. To ensure that treatment effects occurred in the positive 
direction and that there was an overall trend for improvement, the results of the WEST-
ROC analyses were confirmed with the WEST-Trend method (Howard et al., 2014). 
Significant improvements in naming accuracy for treated items was found for 23 out of 28 
participants post-therapy and these gains were maintained for 19 out of 27 participants at 
follow-up (p <.05, one-tailed) (Table 5.2). A significant improvement in naming accuracy for 
untreated items was found for eight out of 28 participants post-therapy and was 
maintained for six out of 27 participants at follow-up. 
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Group-level data were analysed using Linear Mixed Models (LMM). Data for treated items 
were transformed prior to analyses using reflect and square root transformations 
(Tabachnick & Fidell, 2007) and approximated a normal distribution according to the 
Shapiro-Wilk test (p > .05) (Shapiro & Wilk, 1965). In order to evaluate therapy effects for 
treated and untreated items, separate models were fit for each group (LIFT, D-LIFT) with 
time (pre-therapy, post-therapy, follow-up) as a fixed effect and participants as random 
effects. LMM revealed a significant improvement in confrontation naming accuracy for 
treated items at post-therapy compared with pre-therapy for LIFT, F(1,12) = 32.9, p < .001, 
and D-LIFT, F(1,14) = 64.7, p < .001 (Figure 5.2). Furthermore, these treatment effects 
were maintained at follow-up (LIFT, F(1,12) = 25.3, p < .001; D-LIFT, F(1,14.1) = 40.4, p < 
.001). 
 
With respect to the generalisation of treatment effects, naming accuracy for untreated 
items was significantly greater at post-therapy compared with pre-therapy for LIFT, F(1,12) 
= 9.6, p = .009, and D-LIFT, F(1,14) =15.6, p = .001. Furthermore, the significant increase 
in naming accuracy for untreated items was maintained for both groups at follow-up (LIFT, 
F(1,12) = 18.13, p = .001, and D-LIFT, F(1,13.9) = 15.4, p = .002). 
 
LMM were also used to investigate the role of treatment intensity on therapeutic outcomes 
by comparing groups (LIFT, D-LIFT), when co-varied for baseline naming performance 
and aphasia severity, at post-therapy and follow-up.  LMM revealed no significant 
difference between groups at post-therapy or follow-up for treated (post-therapy p = .44; 
follow-up p = .31) or untreated (post-therapy p =.42; follow-up p = .87) items. 
 
5.4.2 Novel Word Learning  
All participants completed the same novel word learning paradigm as part of their baseline 
assessment battery. According to the Mann-Whitney U test, the two treatment conditions 
(LIFT, D-LIFT) were comparable for performance on the recall and recognition tests of 
novel word learning at each time point (learning 1, learning 2, learning 3) (p > .05). As 
such, the novel word learning data for the LIFT and D-LIFT cohorts were combined for 
analysis as a single data set.   
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Table 5.2 Individual therapy outcomes for treated and untreated items and receptive and 
expressive novel word learning results.  
  Treated Items       
Proportional Gain 
Untreated Items    
Proportional Gain 
Novel Word Learning 
ID Group Post-   
therapy 
Follow-up Post-   
therapy 
Follow-up Recognition 
(%) 
Recall 
1 LIFT .82
*
 .56
*
 .24 .10 73.3 0 
2 LIFT .43
*
 .27 -.02 .12 73.3 0 
3 LIFT .57
*
 .45
*
 -.04 .21 80.0
†
 3 
4 LIFT .25 .18 .07 .04 86.7
†
 0 
5 LIFT .96
*
 .63
*
 .25 .21 100.0
†
 7
††
 
6 LIFT .87
*
 .78
*
 .45
*
 .45
*
 80.0
†
 0 
7 LIFT .34
*
 .26
*
 .10 .10 53.3 0 
8 LIFT .51
*
 .23 .12 -.01 66.7 1 
9 LIFT .30 .39 -.07 .10 53.3 0 
10 LIFT .96
*
 .91
*
 .42 .33 73.3 0 
11 LIFT .83
*
 .58
*
 .11 .24 86.7
†
 0 
12 LIFT .10 .03 -.01 -.01 80.0
†
 0 
13 LIFT 1.00
*
 .92
*
 .35
*
 .31
*
 93.3
†
 6
††
 
14 D-LIFT .21 .16 .15 .07 33.3 0 
15 D-LIFT .91
*
 n/a .55 n/a 100.0
†
 7
††
 
16 D-LIFT .40
*
 .08 -.11 -.11 80.0
†
 0 
17 D-LIFT .58
*
 .42
*
 .15 .24 60.0 0 
18 D-LIFT .95
*
 .80
*
 .26 .22 86.7
†
 1 
19 D-LIFT 1.00
*
 .95
*
 .67
*
 .43
*
 93.3
†
 2 
20 D-LIFT .06 .06 .02 .02 73.3 1 
21 D-LIFT .43
*
 .57
*
 .29 .14 93.3
†
 0 
22 D-LIFT .82
*
 .64
*
 .54
*
 .44 100.0
†
 1 
23 D-LIFT .71
*
 .43
*
 .26 .22 93.3
†
 4 
24 D-LIFT .77
*
 .63
*
 .05 -.05 100.0
†
 0 
25 D-LIFT .81
*
 .76
*
 .60
*
 .40
*
 80.0
†
 1 
26 D-LIFT .95
*
 .95
*
 .70
*
 .85
*
 100.0
†
 5
††
 
27 D-LIFT .82
*
 .68
*
 .44
*
 .23 46.7 0 
28 D-LIFT .91
*
 .91
*
 .43
*
 .38
*
 60.0 1 
29 D-LIFT n/a n/a n/a n/a 100.0
†
 2 
30 D-LIFT n/a n/a n/a n/a 86.7
†
 1 
Note. ID = Participant identification; 
*
 WEST-ROC Analysis p < .05; 
†
 Exact binomial test p < .05; 
††
 
McNemars Test p < .05; LIFT = Intensive treatment condition; D-LIFT = Distributed treatment condition. 
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Figure 5.2 Raw confrontation naming scores at pre-therapy (mean), post-therapy and 1 month follow-up for 
LIFT and D-LIFT. 
 
5.4.2.1 Recall Task 
Participants’ responses for the expressive recall task were audio-recorded and transcribed 
for scoring accuracy. Consistent with the procedures described in Tuomiranta et al. (2011) 
and Tuomiranta et al. (2012), we analysed the last response if several were produced and 
scored one credit for each correct phoneme in the correct location and half a credit if the 
correct phoneme was produced in the incorrect location. For each target, the sum of 
scores was divided by the total number of phonemes in the target word. Due to the 
inclusion of targets with four phonemes in the present study, we accepted a score of ≥75% 
phonological proximity as the criterion for successful learning. At the individual level, 
participants’ expressive recall scores at the completion of learning 3 were compared to the 
initial state of no knowledge using the McNemar test (Siegal & Castellan, 1988). We found 
that four out of 30 participants made significant improvements in expressive recall for 
novel word stimuli at the completion of training (Table 5.2). Group data for the novel word 
learning measures were unable to be transformed to meet the assumption of normality; 
therefore, we used non-parametric analyses. Percentage accuracy for the expressive 
recall task at learning 3 ranged from 0% to 47% (mean = 0.10, SD = 0.15). Wilcoxon 
signed ranks test revealed that there was a significant increase in mean accuracy of recall 
for novel word stimuli between learning 1 and learning 3 (Z = -3.34, p = .001).  
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5.4.2.2 Recognition Task 
Individual participant performance for the recognition of novel word stimuli was analysed 
using the exact binomial test (Siegal & Castellan, 1988). Recognition accuracy was 
significantly greater than chance (p < .05) for 19 out of 30 participants at the completion of 
training. At learning time 3, participants’ recognition accuracy ranged from 33% to 100% 
(mean = 0.80, SD 0.18). Wilcoxon signed ranks tests revealed a significant increase in 
percentage accuracy for recognition of novel word stimuli between learning 1 and learning 
3 (Z = -4.21, p < .001). 
  
5.4.3 Relationship between Learning, Language and Neuropsychological 
Performance and Treatment Outcomes 
5.4.3.1 Correlation Analyses 
In order to obtain a treatment outcome score for each participant at post therapy and 1 
month follow-up, consistent with the procedures of Lambon Ralph et al. (2010), the 
proportion of potential maximal gain was calculated for treated and untreated items, e.g., 
(Post-therapy Raw Score – Mean Baseline Naming Score) / (Number of Therapy Items – 
Mean Baseline Naming Score). Exploratory Pearson’s correlations were conducted to 
assess the strength and direction of the relationship between therapy outcomes for treated 
and untreated items and participants’ novel word learning ability. Previous research has 
suggested that participants’ performance on receptive tasks of novel word learning is 
superior to performance on expressive tasks (Kelly & Armstrong, 2009). Inspection of the 
novel word learning data revealed that performance on the expressive recall task at the 
completion of learning 3 was at floor for the majority of participants. Consequently, the 
percentage recognition accuracy for novel word stimuli at the completion of learning 3 was 
used as the measure of participants’ novel word learning ability. Prior to analyses, novel 
word learning recognition accuracy and the proportion of potential maximal gain for treated 
items at post-therapy were transformed using reflect and square root transformations 
(Tabachnick & Fidell, 2007)4. The data approximated a normal distribution according to the 
Shapiro-Wilk test (Shapiro & Wilk, 1965). Pearson’s correlations revealed a moderate, 
positive correlation between novel word learning ability and therapy gains for treated items 
immediately post-therapy, r(28) = .476, p = .01 (Table 5.3). There was no significant 
correlation between novel word learning ability and therapy outcomes for treated items at 
                                            
4
 Please note the influence of the reflect and square root transformation on the interpretation of positive and negative 
values. 
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follow-up (p = .053) or for untreated items at post-therapy (p = .065) or follow-up (p = 
.099).  
Table 5.3 Correlations between novel word learning scores, neuropsychological 
measures and therapy outcomes for treated and untreated items 
Measure Novel word learning 
Therapy Outcomes  
Treated items: Post therapy .476* 
Treated items: Follow-up -.376 ns 
Untreated items: Post therapy -.354 ns 
Untreated items: Follow-up -.324 ns 
Language and Neuropsychological 
Measures 
 
Lexical-semantics .547** 
Aphasia Severity -.579** 
Nonword repetition† .104 ns 
Forward digit span† .124 ns 
Note. † = Spearman’s correlations; * p < .05; ** p < .01; ns = non-significant.  
 
Using Pearson’s correlations we also investigated the relationship between therapy 
outcomes for treated items (i.e., proportion of potential maximal gain) and participants’ 
language profiles (i.e., lexical-semantic processing, aphasia severity). The lexical-semantic 
processing data was transformed using a reflect and square root transformation and was 
normally distributed according to the Shapiro-Wilk test (Shapiro & Wilk, 1965)5. We found 
a strong, positive relationship between therapy gains for treated items and aphasia 
severity at post-therapy, r(28) = -.615, p < .001, and at follow-up, r(27) = .549, p = .003 
(Table 5.4).  We also found a strong, positive relationship between therapy gains for 
treated items and lexical-semantic processing at post-therapy, r(28) = .678, p < .001, and 
at follow-up, r(27) = -.663, p < .001.  
 
Table 5.4 Pearson’s correlations between therapy outcomes for treated items and language 
measures. 
Measure Treatment Gain 
 Post Therapy Follow-up 
Lexical-semantics .678* -.663* 
Aphasia Severity -.615* .549* 
Note. * p < .01; TPO = Time post onset. 
                                            
5
 Please note the influence of the reflect and square root transformation on the interpretation of positive and negative 
values. 
93 
 
 
Finally, we conducted correlation analyses to establish the relationship between novel 
word learning ability and language and neuropsychological measures (i.e., aphasia 
severity, lexical-semantic processing, digit span and nonword repetition). Where data were 
not normally distributed and were unable to be transformed to approximate a normal 
distribution (i.e., digit span and nonword repetition), non-parametric Spearman’s 
correlations were used. We found a strong, positive correlation between novel word 
learning ability and aphasia severity, r(30) = -.579, p = .001, whereby participants with mild 
aphasia (i.e., high CAT severity scores) achieved greater novel word learning scores 
(Table 5.3). There was also a strong, positive correlation between lexical-semantic 
processing and novel word learning, r(30) = .547, p = .002. Spearman’s correlations 
revealed a moderate, positive correlation between nonword repetition and forward digit 
span, rs = .460, p = .011, as measured by the CAT. However, novel word learning was not 
significantly correlated with nonword repetition or forward digit span, p > .05.  
 
5.4.3.2 Multiple Regression Analyses 
Multiple regression models were computed to further investigate the influence of novel 
word learning ability and language performance on anomia therapy outcomes at post-
therapy and 1 month follow-up. Variables that were significantly correlated with treatment 
outcomes at post-therapy and 1 month follow-up were entered into the models (Murray, 
2012). Where bivariate correlations between variables were high (i.e., r > 0.70) the 
variable least correlated with therapy outcomes was omitted in order to prevent issues with 
multi-collinearity (Tabachnick & Fidell, 2007). Prior to finalising models, assumptions of 
normality, linearity and homoscedasticity of residuals were tested and met.  
 
Three variables were significantly correlated with therapy gains for treated items at post-
therapy (i.e., novel word learning ability, lexical-semantic processing, and aphasia 
severity). As the correlation between lexical-semantic processing and aphasia severity 
was high (r = -.727), aphasia severity was omitted from the multiple regression model. 
Furthermore, to account for any potential differences between the intensive versus 
distributed treatment conditions, Group was entered into the model. The model was 
statistically significant and accounted for 49.1% of the variance in therapy gains at post-
therapy, R2 = .491, adjusted R2 = .427, F(3, 24) = 7.72, p = .001 (Table 5.5). Analysis of 
the beta weights indicate that lexical-semantic processing significantly contributed to 
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therapy outcomes at post-therapy, β = .616, p = .002, whereas Group and novel word 
learning ability did not (p > .05). 
 
Table 5.5 Multiple regression model with proportion of potential maximal therapy gain for treated 
items at post-therapy as the dependent variable. 
 Regression 
Coefficient (B) 
95% Confidence 
Interval (B) 
Standard 
Error (B) 
Standardised 
Coefficient (β) 
t p 
value 
  Lower Upper     
Group -.054 -.189 .080 .065 -.123 -.831 .414 
Lexical-semantics .097 .040 .154 .028 .616 3.513 .002 
Novel word learning .172 -.339 .683 .248 .123 .694 .494 
 
Lexical-semantic processing ability and aphasia severity were the only variables 
significantly correlated with therapy gains for treated items at 1 month follow-up. Lexical-
semantic processing and Group were entered into the multiple regression model. The 
model was statistically significant and accounted for 48.5% of the variance in therapy 
gains at 1 month follow-up, R2 = .485, adjusted R2 = .442, F(2, 24) = 11.29, p < .001 
(Table 5.6). Analysis of the beta weights indicate that lexical-semantic processing 
significantly contributed to therapy outcomes at 1 month follow-up, β = -.678, p < .001, 
whereas Group did not (p >.05). 
 
Table 5.6 Multiple regression model with proportion of potential maximal therapy gain for treated 
items at 1 month follow-up as the dependent variable.  
 Regression 
Coefficient (B) 
95% Confidence 
Interval (B) 
Standard 
Error (B) 
Standardised 
Coefficient (β) 
t p 
value 
  Lower Upper     
Group .123 -.052 .298 .085 .214 1.455 .159 
Lexical-semantics -.141 -.078 -.204 .031 -.678 -4.615 <.001 
 
5.5 Discussion  
This is the first group study to systematically investigate the relationship between novel 
word learning and therapeutic outcomes in individuals with chronic, post-stroke aphasia. 
We analysed performance on treated and untreated items to determine therapeutic 
outcomes and found a positive treatment effect for both intensive and distributed therapy 
schedules in the Aphasia LIFT program. Furthermore, recall (expressive) and recognition 
(receptive) tasks revealed that participants were able to learn novel words. Participants’ 
95 
 
novel word learning ability was positively correlated with treatment outcomes for anomia 
therapy and specifically correlated with therapy outcomes for treated items at post-therapy.   
 
5.5.1 Novel Word Learning  
At the group level, there was a significant improvement on both recognition and recall 
tasks across learning sessions. Consistent with previous reports, we found much 
heterogeneity in individuals’ performance and we found that participants performed better 
on receptive versus expressive measures of word learning (Kelly & Armstrong, 2009). 
Accuracy of recall ranged from 0% to 47%, whereas performance on the recognition task 
ranged from 33% to 100%. For the recall task, a small number of participants (n = 4) made 
significant gains in confrontation naming for novel stimuli; however, for many participants 
performance on this task was at floor. Conversely, 19 out of 30 participants demonstrated 
above chance performance for the receptive novel word learning task. Of these 19 
participants, 15 individuals demonstrated significant learning effects for the receptive task 
but not the expressive task. Our findings concur with the results of previous studies, 
indicating that new word learning is possible in adults with chronic aphasia (Gupta et al., 
2006; Kelly & Armstrong, 2009; Tuomiranta et al., 2011; Tuomiranta et al., 2012).  
 
5.5.1.1 Relationship between Learning and Treatment Outcomes 
Our findings that novel word learning positively correlated with treatment outcomes 
immediately post-therapy provide preliminary evidence to suggest that the cognitive 
processes involved in new word learning are related to those involved in treatment-
induced anomia recovery. Interestingly, we did not find a significant relationship between 
novel word learning and treatment outcomes at 1 month follow-up. One possible 
explanation for this finding is that our measure of novel word learning more closely reflects 
language acquisition and other cognitive processes may contribute to the maintenance of 
treatment effects. We also failed to find a relationship between novel word learning and 
therapy outcomes for untreated items, suggesting that alternative cognitive mechanisms 
may also contribute to the generalisation of treatment effects.  
 
It is interesting to note that some individuals who responded to anomia therapy did not 
successfully acquire novel words. Eight out of the 11 participants who failed to learn novel 
words positively responded to therapy at post-treatment, and treatment effects were 
maintained for six of these participants at 1 month follow-up. Of these six participants, the 
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majority (5 out of 6 participants) presented with a breakdown in semantic processing. 
Evaluation of participants’ performance on the confrontation naming probes administered 
during the therapy period was undertaken to determine if participants’ rate of response to 
anomia therapy could provide further information about their learning capacity. All 8 
participants who failed to learn novel words made statistically significant gains in 
confrontation naming of treated items at the first probe assessment (i.e., after 3 hours of 
impairment-based therapy), according to WEST-ROC analyses (p < .05). As such, it does 
not appear that these participants were slow learners who required increased time and 
exposure to stimuli in order to acquire treatment gains.  Kelly and Armstrong (2009) 
hypothesised that if an individual failed to demonstrate novel word learning and yet they 
responded to anomia therapy, it would suggest that therapy is working via the re-activation 
of previously stored representations, rather than the result of new learning. Based on this 
hypothesis, our results suggest that for these individuals recovery is not occurring via new 
learning but perhaps via another mechanism, such as re-activation, semantic facilitation or 
priming. Thus, our findings are mixed. It is possible that for adults with aphasia, the 
processes underlying treatment-induced recovery may be heterogeneous and recovery 
may occur via a combination of different mechanisms (i.e., new learning, semantic 
facilitation, or priming). We suggest that the mechanisms used to support recovery may 
depend on individuals’ linguistic profile and locus of breakdown and/or the availability of 
cognitive resources.  
 
5.5.1.2 Relationship between Learning and Language and Neuropsychological 
Performance 
Whilst an in-depth analysis of the psycholinguistic language profiles of participants is 
beyond the scope of the present study, we did estimate a measure of participants’ lexical-
semantic processing, based on performance on the CAT, and sought to determine if 
lexical-semantic processing influenced novel word learning. We found that lexical-
semantic processing significantly correlated with learning performance, as measured by 
the recognition task. This finding is consistent with previous reports in the literature, which 
suggest that lexical-semantic processing is integral to verbal list-learning (Martin & Saffran, 
1999) and novel word learning (Gupta et al., 2006; Tuomiranta et al., 2011; Tuomiranta et 
al., 2012) in people with aphasia. Furthermore, at the individual level we considered 
participants’ locus of breakdown in word retrieval and sought to establish, qualitatively, if 
there was any relationship between locus of breakdown and novel word learning ability. Of 
97 
 
the 11 participants who failed to demonstrate successful novel word learning, seven of 
these participants presented with deficits in semantic processing and four presented with 
deficits in accessing phonology from semantics. All participants with a predominantly post-
semantic, phonological impairment demonstrated significant novel word learning, 
according to the recognition task. Furthermore, of the nine participants with semantic 
processing deficits, seven participants failed to learn novel words. These findings are 
supported by the results of Gupta et al. (2006), which suggest that impaired lexical-
semantic processing may negatively influence receptive novel word learning in individuals 
with aphasia. However, the mechanism by which this process occurs is uncertain. Martin 
and Gupta (2004) suggest that impaired lexical-semantic processing may impede 
semantic encoding and subsequently impair the learning of new verbal information. As 
such, in the present study individuals with predominantly semantic impairments 
demonstrated difficulty acquiring novel lexical-semantic representations, as measured by 
our recognition task. Conversely, individuals with predominantly post-semantic, 
phonological impairments demonstrated intact semantic processing and were able to 
acquire novel lexical-semantic representations.  
 
Studies investigating vocabulary acquisition in children and verbal learning in healthy 
adults have found evidence of a reliable relationship between immediate serial recall (i.e., 
digit span), nonword repetition and new or novel word learning (Baddeley, 1993a; 
Gathercole & Baddeley, 1989; Martin & Gupta, 2004). To date, few studies have explicitly 
investigated this relationship in adults with aphasia (Gupta et al., 2006). Consistent with 
Gupta et al. (2006) we found a significant, positive correlation between forward digit span 
and nonword repetition accuracy, providing further evidence to support this relationship in 
adults with acquired language impairments. However, we failed to find a significant 
relationship between novel word learning ability and digit span or nonword repetition. 
Gathercole (2006) suggests that the relationship between word learning and phonological 
short-term memory (i.e., digit span and nonword repetition) specifically pertains to the 
learning of the phonological word form. As such, previous studies have found that when 
the novel word form is used to elicit semantic information (i.e., spoken novel word form to 
picture matching) the relationship between novel word learning and phonological short-
term memory is eliminated (Gathercole, 2006; Gathercole, Hitch, Service, & Martin, 1997). 
Consequently, the use of a recognition task as our measure of novel word learning, which 
included presentation of the novel word form to activate semantic (i.e., picture) information, 
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may account for the non-significant relationship between novel word learning and nonword 
repetition or digit span.  
 
5.5.2 Outcomes for Treated and Untreated Items 
In order to investigate whether novel word learning was correlated with treatment 
outcomes, we evaluated the efficacy of Aphasia LIFT on naming of treated and untreated 
items. At the group level, there was a significant improvement in confrontation naming 
accuracy for treated and untreated items immediately post-therapy and these effects were 
maintained at 1 month follow-up.  These findings are consistent with the results of Dignam 
et al. (2015) and Rodriguez et al. (2013), which found a positive and enduring treatment 
effect for Aphasia LIFT on measures of participants’ language impairment.  
 
Consideration of individual participant results revealed a variable response to treatment. 
The majority of participants (23 out of 28 participants) achieved a statistically significant 
improvement in naming accuracy for treated items immediately post-therapy, with 
response accuracy for participants who achieved a positive treatment effect ranging from 
43.3% to 100%. In addition, confrontation naming accuracy for treated items was 
maintained significantly above baseline naming performance for approximately two thirds 
of participants (19 out of 27 participants) at 1 month follow-up, suggesting an enduring 
effect of treatment for these participants. Again there was much variability within 
participants, with percentage accuracy ranging from 53.3.% to 96.7%.  
 
At the individual level, there was evidence supporting the generalisation of treatment 
effects to untreated items for eight participants at post-therapy and this was maintained for 
six participants at follow-up. A review of key anomia studies, reported by Best et al. (2013), 
found that approximately one quarter of adults with aphasia demonstrate generalisation in 
word production. Consequently, the finding of generalisation to untreated items for only a 
small subset of participants in the present study (post therapy 29%, follow-up 22%) is 
consistent with previous reports in the literature (Best et al., 2013). Nickels (2002c) and 
Best et al. (2013) suggest that treatments that aim to strengthen connections between 
word meaning and form often result in clear, long-lasting effects for treated items; 
however, generalisation to untreated items is less common and often less robust. In 
contrast, treatments with a focus on process, often including a semantic component, are 
more likely to facilitate generalisation. The impairment-based therapy (SFA/PCA therapy) 
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employed in the present study aimed to strengthen participants’ semantic and 
phonological processing as well as strengthen the connections between word meaning 
and form. Furthermore, some studies suggest that SFA/PCA therapy may also provide a 
strategy to assist word retrieval that can be employed to facilitate naming of untreated 
items (Antonucci, 2009; Falconer & Antonucci, 2012). Consequently, it is possible that in 
the present study generalisation to untreated items occurred via the strengthening of 
general word retrieval processes and/or the application of a trained strategy. Alternatively, 
Nickels (2002a) suggests that exposure to untreated items during confrontation naming 
probes may inadvertently result in improved naming for those stimuli. In the present study, 
treated and untreated items were probed after every 3 hours of impairment therapy. 
Probes were conducted at the start of a therapy session and no feedback was provided to 
participants. However, it is possible that generalisation to untreated items occurred as a 
result of exposure to untreated items during naming probes.  
 
Best et al. (2013) further questioned whether generalisation to untreated items was related 
to individuals’ locus of breakdown. Their review found that individuals with deficits in 
semantic processing and lexical access were less likely to achieve generalisation, 
whereas for participants with predominantly post-lexical, phonological impairments 
generalisation to untreated items was more likely to occur. Our findings are somewhat in 
contrast to those of Best et al. (2013). We found generalisation to untreated items for 
participants with semantic (2 participants), phonological (1 participant) and lexical access 
(5 participants) deficits. We have attempted to classify participants according to their 
language profiles; however, consistent with Best et al. (2013), we acknowledge the 
difficulties and inherent limitations in categorising individuals with aphasia according to 
their locus of breakdown.  
 
5.5.2.1 Relationship between Treatment Outcomes and Language Processing  
We found a strong positive relationship between individuals’ lexical-semantic processing 
performance and therapy outcomes for anomia. Furthermore, multiple regression analyses 
revealed that lexical-semantic processing was the only variable to significantly predict 
therapy outcomes for treated items at post-therapy and 1 month follow-up. These findings 
are consistent with previous anomia therapy research which has revealed that intact 
lexical-semantic processing is required for treatment-induced naming gains (Martin, Fink, 
Renvall, & Laine, 2006; Martin & Gupta, 2004; Renvall et al., 2003; Renvall et al., 2005). 
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Specifically, Martin et al. (2006) suggest that the integrity of input lexical-semantic 
connections is necessary for anomia therapy gains. Consistent with this suggestion, our 
measure of lexical-semantic processing, which consisted of auditory and written input for 
single words, significantly predicted therapy gains for treated items. Furthermore, 
individuals with impaired access to phonology from semantics typically demonstrated a 
positive response to treatment, consistent with the predictions of Martin et al. (2006).  
 
We found that lexical-semantic processing was related to both the learning of novel stimuli 
and treatment-induced anomia therapy gains. The failure to find a significant relationship 
between novel word learning and anomia treatment outcomes when taking into account 
lexical-semantic processing may reflect the central role of lexical-semantic processing in 
the verbal learning of both novel and familiar words. Consequently, our findings provide 
further support for the role of lexical-semantic processing as a key mechanism in both the 
learning of new semantic/phonological representations and the relearning of familiar 
stimuli (Martin et al., 2006). A greater understanding of the role of lexical-semantic 
processing in the treatment-induced recovery of anomia is necessary to better understand 
this relationship and to inform models of language processing and aphasia rehabilitation 
techniques.  
 
The mechanisms by which anomia therapy works are complex and remain contentious. 
Martin et al. (2006) propose that the lack of anomia treatment effects in individuals with 
impaired lexical-semantic processing may be the result of impaired spreading activation to 
semantic levels of representation and subsequently no change in the strength of 
connections between lexical-semantics and phonology (input or output). Furthermore, 
impaired lexical-semantic processing may disrupt semantic encoding during input and 
inhibit the learning of new verbal information (Martin & Gupta, 2004). An alternative 
perspective is offered by Howard, Hickin, Redmond, Clark, and Best (2006). Howard et al. 
(2006) demonstrated differential priming effects in individuals with impaired versus intact 
lexical-semantic processing. Howard et al. (2006) found that priming effects resulting from 
word to picture matching in individuals’ with impaired lexical-semantics were short-lived 
compared with those found in individuals with intact lexical-semantics. Consequently, if 
treatment-induced anomia recovery is occurring via priming mechanisms, individuals with 
impaired lexical-semantics may demonstrate short-lived priming effects and therefore 
demonstrate reduced effects of anomia treatment. Lastly, the variable treatment response 
101 
 
in individuals with impaired lexical-semantic processing in the present study may be due to 
the type of impairment-based treatment employed. van Hees et al. (2013) found that the 
application of semantic-based therapy tasks for individuals with impaired lexical-semantic 
processing may not actually facilitate recovery. The authors hypothesised that the use of 
semantic-based tasks in therapy may result in the increased activation and competition of 
semantically-related concepts in the phonological output lexicon and thus inhibit naming. 
Consequently, the use of SFA therapy in the present study may have led to increased 
competition in the system and inadvertently inhibited naming accuracy for participants with 
impaired lexical-semantic processing. Further research to determine the cognitive and 
psycholinguistic mechanisms by which treatment-induced recovery from anomia occurs is 
clearly required.   
 
Participants who failed to successfully acquire treated items at post-therapy and/or at 
follow-up typically presented with more severe aphasia, based on their pre-therapy 
performance on the CAT and confrontation naming probes. Consistent with this 
observation, treatment outcomes at post-therapy and follow-up were strongly correlated 
with baseline aphasia severity (post-therapy p < .001; follow-up p = .003). These findings 
are supported by the results of previous clinical aphasia studies, which suggest that 
aphasia severity is a significant predictor of treatment success (Lambon Ralph et al., 2010; 
Marshall et al., 1982) and spontaneous recovery (Basso, 1992; Lazar et al., 2010; 
Pedersen et al., 1995). We also found that that novel word learning ability had a strong, 
positive relationship with aphasia severity. This result is not surprising and previous 
research has also provided evidence to suggest that novel word learning ability is 
influenced by aphasia severity (Kelly & Armstrong, 2009; Tuomiranta et al., 2011). 
However, it is difficult to delineate the nature of the relationship between aphasia severity, 
learning ability and anomia therapy outcomes, with respect to causality. It is possible that 
learning ability and treatment response may be constrained by aphasia severity. However, 
we may also speculate that learning capacity influenced the degree to which individuals 
had recovered prior to treatment and therefore influenced their aphasia severity. This 
research question cannot be answered by the current study design and further 
theoretically motivated experiments are required.  
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5.5.2.2 Relationship between Treatment Outcomes and Therapy Intensity  
With respect to the role of treatment intensity on therapy outcomes, both groups (LIFT, D-
LIFT) made significant improvements in word retrieval for treated and untreated items at 
post-therapy and follow-up, regardless of treatment intensity. This finding is further 
supported by the results of the multiple regression analyses, which revealed that treatment 
group did not significantly predict therapy outcomes at post-therapy or follow-up. Our 
results are consistent with the findings of a small number of studies, which have previously 
investigated the effect of dosage-controlled, treatment intensity on word retrieval outcomes 
in adults with aphasia (Ramsberger & Marie, 2007; Raymer et al., 2006; Sage et al., 
2011). These studies found that, when controlling the amount of therapy provided, the 
long-term therapy outcomes for non-intensive anomia therapy were equally, if not more, 
effective than intensive therapy. The distributed practice effect asserts that optimal long-
term learning is achieved with distributed versus massed training schedules (Dempster, 
1989). Whilst we did not find a significant advantage for distributed training in the present 
study, our results demonstrate that intensive and distributed models of Aphasia LIFT 
resulted in comparable short and long-term gains for anomia rehabilitation.  
 
5.5.3 Methodological Considerations 
The failure to learn novel word forms for 11 participants in the present study may be the 
result of lexical-semantic processing deficits and/or aphasia severity; however, it may also 
be due to important methodological issues. Firstly, it is possible that the assessment tasks 
utilised in the present study were not sensitive enough to detect subtle changes in 
participants’ receptive and expressive knowledge of the novel word stimuli. Tuomiranta et 
al. (2011) and Tuomiranta et al. (2012) both considered the impact of phonological cueing 
on expressive recall, and this may have provided a more sensitive indicator of acquisition 
for some individuals. Furthermore, Kelly and Armstrong (2009) evaluated participants’ 
acquisition of novel words using an in-depth assessment battery, which incorporated both 
verbal and non-verbal measures of participants’ vocabulary acquisition. Secondly, the 
limited performance of some participants in the present study may be due to the restricted 
number of exposures to the stimuli. The learning paradigms of Tuomiranta et al. (2011) 
and Tuomiranta et al. (2012) each provided 20 exposures to the trained stimuli. 
Furthermore, Kelly and Armstrong (2009) allowed participants a maximum of 30 minutes 
independent learning time, to promote rehearsal and consolidate participants’ learning. In 
the present study, participants were exposed to the stimuli on 12 occasions with no 
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feedback and no opportunity for self-directed learning. Although we attempted to reduce 
the demands of the novel word learning task by limiting the number of stimuli to be learnt 
(i.e., 15 stimuli versus 20 stimuli in Tuomiranta et al. (2011) and Tuomiranta et al. (2012)), 
the reduced exposure to novel word stimuli may have limited learning for some 
participants. Furthermore, Tuomiranta et al. (2011) and Tuomiranta et al. (2012) both 
employed a “point and name” task as part of their novel word learning paradigm. There is 
strong support for the benefits of retrieval practice on learning outcomes (Delaney et al., 
2010). Consequently, this retrieval task may have been a potent element of the novel word 
learning paradigm. Despite the simplistic paired-associate learning task employed in the 
present study, overall our results demonstrate that many participants were able to acquire 
novel vocabulary forms.   
 
5.5.4 Limitations and Future Directions 
This study has established that performance on the novel word learning task at pre-
therapy was significantly correlated with therapy outcomes for treated items at post-
therapy; however, it must be acknowledged that many other variables may influence 
treatment response. The next step in this line of research is to further delineate the nature 
of this relationship. Novel word learning may be influenced by cognitive factors, such as 
attention and memory, and therefore, it is important that future research consider the role 
of cognition in novel word learning and treatment-induced recovery. Furthermore, whilst 
the learning paradigm we employed measured participants’ acquisition of novel 
vocabulary, it did not incorporate a measure of long-term retention. Our findings suggest 
that the acquisition of novel words correlated with therapy gains at post-therapy but not at 
follow-up. Assessment of the long-term maintenance of newly acquired novel words, 
including perhaps a more sensitive measure of learning to circumvent floor effects (i.e., 
phonological cueing), is an important direction for future research. Furthermore, 
consideration of the relationship between the long-term retention of novel word learning 
and the maintenance of treatment gains is also warranted.   
 
Previous studies have indicated that the modality of stimulus input may influence word 
learning in healthy adults (Basso et al., 2001) and novel word learning in individuals with 
aphasia (Tuomiranta, Camara, et al., 2014; Tuomiranta, Gronroos, et al., 2014). 
Specifically, these studies found that the orthographic presentation of stimuli may optimise 
learning outcomes (Basso et al., 2001; Tuomiranta, Camara, et al., 2014; Tuomiranta, 
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Gronroos, et al., 2014). Interestingly, methods that facilitate learning may not necessarily 
reflect individuals’ language profiles, according to their strengths and weaknesses 
(Tuomiranta, Gronroos, et al., 2014). In the present study novel word stimuli were 
presented auditorily and orthographically. We did not manipulate the modality of the 
presentation of stimuli. As such, we cannot draw conclusions regarding individuals’ 
preferences for learning style with respect to modality. Further investigation into modality 
effects and their potential relationship with learning and treatment outcomes is an 
important direction for future research.  
 
Previous research has demonstrated that verbal learning ability in the healthy adult 
population, as measured using novel word learning, is varied (Basso et al., 2001; 
Breitenstein et al., 2005; Gupta, 2003). Consequently, it is important to acknowledge that 
performance on the novel word learning task employed in the present study may be 
subject to individual variability. Information about how healthy, age-matched controls 
perform on this task would provide valuable information about the processes and variability 
underlying healthy verbal learning. As such, this topic is an important consideration for 
future research.    
 
Finally, Aphasia LIFT is a complex behavioural treatment, comprised of impairment, 
computer, functional and group-based aphasia therapy. Whilst impairment and computer 
therapy aimed to directly remediate confrontation naming of treated items, it must be 
acknowledged that additional therapy components (i.e., functional and group-based 
therapy) may have also contributed to anomia therapy outcomes. Consequently, our study 
reports preliminary findings of the relationship between learning ability and anomia 
treatment outcomes; however, additional research into this relationship, controlling for the 
treatment approaches employed, is required.  
 
5.6 Summary and Conclusions 
It is difficult to determine which treatment techniques and tasks will be effective in 
remediating particular aspects of aphasia, specifically anomia. It remains uncertain as to 
why individuals with seemingly similar language profiles may achieve vastly different 
outcomes in response to intervention. Impairment in the domain of verbal learning is one 
factor that may influence individuals’ response to anomia therapy. The present study 
evaluated the efficacy of a comprehensive aphasia program, Aphasia LIFT, on the word 
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retrieval of treated and untreated items in a large sample of individuals with chronic, post-
stroke aphasia. Whilst at the group level we found a positive and enduring effect of 
treatment on word retrieval, at the individual level there was a variable response to 
treatment. We further evaluated participants’ verbal learning skills using a relatively pure 
measure of verbal learning, a novel word learning paradigm, and we found evidence 
demonstrating novel word learning in individuals with aphasia. Importantly, we 
demonstrated that these verbal learning skills were positively correlated with participants’ 
therapy outcomes for anomia. This study contributes to our knowledge of verbal learning 
processes in adults with aphasia and has theoretical and clinical implications for anomia 
rehabilitation. Theoretically, these results suggest that the cognitive mechanisms 
responsible for new word learning may also, to some degree, support the restitution of 
word retrieval deficits in aphasia. However, for a small subset of participants, with 
predominantly semantic deficits, we also found evidence to suggest that recovery may be 
facilitated by mechanisms other than new learning, such as semantic facilitation and/or 
priming. As such, we speculate that the cognitive mechanisms used to support anomia 
recovery may vary between individuals, and may depend upon an individual’s language 
and cognitive profile.  
 
From a clinical perspective, assessment of individuals’ novel word learning abilities may 
help to identify participants’ potential for improvement. Furthermore, Basso et al. (2001) 
demonstrated that techniques that promoted novel word learning in healthy adults also 
facilitated naming in adults with aphasia. Consideration of the strategies and techniques 
that optimise individuals’ learning, in conjunction with their individual language profiles 
may, therefore, also benefit anomia therapy outcomes. Consideration of the role of verbal 
learning, specifically novel word learning, in aphasia rehabilitation is an emerging area of 
research. In order to deliver clinically effective anomia therapy, it is important to 
understand how therapy works. That is, we must develop a theory of therapy. Future 
research is required to build upon the results of the present study and to further investigate 
the role of verbal learning in treatment-induced recovery for anomia. This research 
provides a better understanding of how therapy works, which is required to advance 
models of rehabilitation for adults with aphasia. 
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6. Chapter Six 
Influence of cognitive ability on therapy outcomes for anomia in adults 
with chronic, post-stroke aphasia. 
 
There is accumulating evidence that cognitive ability may further influence individuals’ 
therapy outcomes in response to aphasia rehabilitation. The study reported in Chapter 
Five found that individuals’ verbal learning ability, as measured by a novel word learning 
paradigm, was significantly correlated with therapy gains for treated items at post-therapy. 
This study provides preliminary evidence suggesting that the cognitive mechanisms 
supporting novel word learning may also, to some degree, support the acquisition of 
anomia therapy gains. As the integrity of the cognitive system is considered important for 
learning and recovery in response to rehabilitation, further consideration of the influence of 
cognitive ability on treatment response in adults with aphasia is warranted.  
 
Chapter Six aimed to further investigate the influence of individuals’ cognitive ability, 
including measures of attention, memory and executive function, on therapy outcomes for 
anomia. It was hypothesised that individuals’ cognitive ability would influence therapy 
gains for treated items at post-therapy and 1 month follow-up. Furthermore, it was 
hypothesised that cognitive ability would influence therapy gains for untreated items at 
post-therapy and 1 month follow-up. The content of this chapter has been adapted from a 
manuscript entitled “Influence of cognitive ability on therapy outcomes for anomia in adults 
with chronic, post-stroke aphasia”, which is currently under review in the Journal of 
Speech, Language, and Hearing Research.  
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6.1 Abstract 
Background and purpose: The relationship between cognitive ability and aphasia 
rehabilitation outcomes is complex and remains poorly understood. This study investigated 
the influence of language and cognitive ability on anomia therapy outcomes in adults with 
aphasia.  
Methods: 34 adults with chronic aphasia participated in Aphasia Language Impairment 
and Functioning Therapy. A language and cognitive assessment battery, including 3 
baseline naming probes, was administered prior to therapy. Naming accuracy of 30 treated 
and 30 untreated items was collected at post-therapy and 1 month follow-up. Multiple 
regression models were computed to evaluate the relationship between language and 
cognitive ability at baseline and anomia therapy outcomes.  
Results: Both language and cognitive variables significantly influenced anomia therapy 
gains. Verbal short-term memory ability significantly predicted naming gains for treated 
items at post-therapy (β = -.551, p =.002) and for untreated items at post-therapy (β = 
.456, p =.014) and 1 month follow-up (β = .455, p =.021). Furthermore, lexical-semantic 
processing significantly predicted naming gains for treated items at post-therapy (β = -
.496, p = .004) and 1 month follow-up (β = .545, p = .012). 
Conclusions: Our findings suggest that individuals’ cognitive ability impacts anomia 
treatment success. Further research into the relationship between cognitive ability and 
anomia therapy outcomes may help to optimise current treatment techniques. 
 
Key words: aphasia, language, cognition, stroke. 
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6.2 Introduction 
Anomia is a predominant feature of aphasia and as such, it is a frequent target for 
intervention. However, it remains unknown why some individuals with apparently similar 
language profiles may differentially respond to anomia therapy (Nickels, 2002c). 
Furthermore, it is currently not possible to predict with certainty who will respond to a 
particular treatment and the degree to which they will recover. It has been suggested that 
use of the entire cognitive system is required to participate in rehabilitation (Helm-
Estabrooks, 2001, 2002) and some researchers posit that underlying cognitive deficits may 
account for the variable response to treatment in aphasia rehabilitation (Sinotte & Coelho, 
2007). Helm-Estabrooks (2001) suggests that cognitive ability may relate to how well a 
person with aphasia is able to achieve maximum benefit from rehabilitation. Emerging 
research has considered the impact of cognitive ability on the recovery of word retrieval 
skills in anomia rehabilitation (Fillingham et al., 2006; Goldenberg et al., 1994; Lambon 
Ralph et al., 2010; Seniow et al., 2009b; Yeung & Law, 2010). These studies indicate that 
cognitive ability may significantly influence anomia therapy outcomes for treated items; 
however, many of the studies conducted to date have utilised small sample sizes and have 
produced conflicting results regarding the influence of different cognitive domains. 
Furthermore, studies investigating the influence of cognition on the generalisation of 
anomia therapy gains to untreated items are limited. A greater understanding of the role of 
cognition in anomia rehabilitation is important so that we may optimise existing language 
interventions or alternatively develop new, targeted language and cognitive interventions, 
commensurate with individuals’ cognitive strengths and limitations (e.g., Crosson et al., 
2007). Furthermore, in view of the increasing demands on healthcare services, it is 
important that we understand which factors predict therapy success in order to identify 
who may respond to therapy and to facilitate optimal recruitment and distribution of 
therapy services.  
 
The presence of concomitant cognitive impairment in adults with post-stroke aphasia has 
been well documented (El Hachioui et al., 2014), and impairments in the domains of 
attention (Erickson, Goldinger, & LaPointe, 1996; Glosser & Goodglass, 1990; Murray, 
2012; Murray, Holland, & Beeson, 1997; Sturm & Willmes, 1991; Villard & Kiran, 2015), 
memory (Beeson, Bayles, Rubens, & Kaszniak, 1993; Mayer & Murray, 2012; Seniow, 
Litwin, & Lesniak, 2009a), and executive function (Fridriksson, Nettles, Davis, Morrow, & 
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Montgomery, 2006; Purdy, 2002) have been identified. The presence of cognitive 
impairments has been found to influence spontaneous recovery in the first 12 months 
post-stroke and is significantly related to poorer functional outcomes (El Hachioui et al., 
2014; Lesniak, Bak, Czepiel, Seniow, & Czlonkowska, 2008). Furthermore, cognitive ability 
has been identified as a significant predictor of treatment-induced aphasia recovery in 
adults with acute / subacute aphasia (Time Post Onset, TPO 2 to 5 months) (van de 
Sandt-Koenderman et al., 2008). van de Sandt-Koenderman et al. (2008) investigated the 
influence of linguistic, somatic, neuropsychological, psychosocial, and socioeconomic 
variables on the treatment-induced recovery of verbal communication, as measured by the 
Amsterdam Nijmegen Everyday Language Test (ANELT; Blomert, Kean, Koster, & 
Schokker, 1994) in 58 participants with aphasia. Of these variables, only 
neuropsychological ability, which was comprised of measures of attention, concentration, 
verbal and non-verbal memory, semantic reasoning and executive function, significantly 
predicted changes in verbal communication on the ANELT. Consequently, this study 
highlights the importance of cognitive ability in aphasia rehabilitation and recovery.  
 
Support for the role of general cognitive functions in anomia rehabilitation has been 
provided by neuroimaging studies (Fridriksson et al., 2007; Geranmayeh, Brownsett, & 
Wise, 2014; Meinzer & Breitenstein, 2008; Menke et al., 2009; Raboyeau et al., 2008). A 
small number of studies have investigated the neural correlates of anomia rehabilitation 
and have provided evidence for the role of cognitive systems. For example, Menke et al. 
(2009) used functional magnetic resonance imaging (fMRI) to investigate the brain regions 
involved in short and long-term, treatment-induced recovery from anomia in adults with 
chronic aphasia. This study revealed that short-term therapy outcomes were correlated 
with areas known to modulate memory, attention and cross-modal integration. In contrast, 
the maintenance of therapy gains, measured at 8 months post-therapy, correlated with 
increased activity in the left temporal lobe and the right hemisphere homologues. Menke et 
al. (2009) concluded that the acquisition of anomia therapy gains may be dependent upon 
the functional integrity of memory and attention-related structures, whereas classical 
language regions and their right hemisphere homologues may mediate the long-term 
consolidation of anomia treatment gains.  
 
Surprisingly few studies have investigated the influence of cognitive ability on anomia 
rehabilitation outcomes in aphasia (Basso, 2003). An early study conducted by 
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Goldenberg et al. (1994) found that language ability at baseline assessment significantly 
correlated with both spontaneous recovery and treatment success. In contrast, cognitive 
ability at baseline only influenced treatment success, suggesting a specific influence of 
cognitive ability in learning and therapy response. Goldenberg et al. (1994) found that two 
memory tests for visual information (Rey Figure recall test; Meyers & Meyers, 1995; 
informal semantic recall task) significantly correlated with naming gains at the completion 
of therapy, whereas cognitive measures of praxis, executive function and working memory 
did not correlate with treatment outcomes. The authors concluded that actively recalling 
information from semantic and/or episodic memory appears to be an important component 
of the tasks that predict language therapy success.  
 
In a large study of 47 participants, Seniow et al. (2009b) investigated the influence of 
visuo-spatial memory (Benton Visual Retention Test; Benton, 1974) and abstract thinking 
abilities (Standard Progressive Matrices; Raven, Court, & Raven, 1983) on therapy 
outcomes and spontaneous recovery in post-stroke aphasia. Consistent with the findings 
of Goldenberg et al. (1994), Seniow et al. (2009b) found that performance on the visuo-
spatial memory test significantly correlated with improvements in naming post-therapy, 
whereas abstract thinking abilities did not.  Together, Seniow et al. (2009b) and 
Goldenberg et al. (1994) provide support for the role of visuo-spatial memory in the 
treatment-induced recovery of naming. However, these studies included participants in the 
subacute phase of recovery from stroke (TPO 2 to 6 months) and as such, their findings 
may be influenced by spontaneous recovery.  
 
Yeung and Law (2010) investigated the influence of executive function and attention, 
measured using the Test of Nonverbal Intelligence (TONI-3; Brown, Sherbenou, & 
Johnsen, 1997) and the Attention Network Test (ANT; Fan, McCandliss, Sommer, Raz, & 
Posner, 2002), respectively, on anomia therapy outcomes in 10 participants with chronic 
aphasia. The study revealed that executive function was significantly correlated with 
treatment gains at post-therapy and during the maintenance phase (weeks 2 to 4 post-
therapy) as well as with generalisation to phonologically related, untreated items. 
Furthermore, performance on the ANT significantly correlated with generalisation to 
untreated items; however, it was not correlated with naming performance for treated items. 
Yeung and Law (2010) hypothesised that participants with strong executive function skills 
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were better able to learn, apply and internalise naming strategies trained during therapy, 
and as such, had superior therapy outcomes.  
 
A recent series of anomia therapy studies conducted at the Neuroscience and Aphasia 
Research Unit at the University of Manchester has highlighted the importance of cognitive 
ability in predicting therapy outcomes (Conroy et al., 2009b; Fillingham et al., 2005a, 
2005b, 2006; Sage et al., 2011; Snell et al., 2010). These studies report somewhat 
variable results regarding the role of executive function, self-monitoring and memory 
performance on anomia therapy outcomes; however, this variation may have been due to 
small sample size. Lambon Ralph et al. (2010) pooled the data from four studies with 
comparable treatment designs (Conroy, Sage, & Lambon Ralph, 2009a; Fillingham et al., 
2006; Sage et al., 2011; Snell et al., 2010) to further evaluate the role of cognitive ability in 
a sample of 33 participants with aphasia. A principal component analysis revealed two 
factors, a cognitive and a language factor, which accounted for 34.5% and 23.1% of the 
variation in background measures, respectively. Measures of attention (Test of Everyday 
Attention, TEA; Robertson, Ward, Ridgeway, & Nimmo-Smith, 1994), executive function 
(Wisconsin Card Sort Task; Grant & Berg, 1993), and visuo-spatial memory (Rey Figure 
copy / recall; Meyers & Meyers, 1995) all loaded highly on the cognitive factor, whereas 
repetition and reading aloud loaded highly on the language (phonological) factor. 
Importantly, both factors significantly correlated with therapy outcomes for anomia at post-
therapy and follow-up testing. Lambon Ralph et al. (2010) is an influential study as it is the 
first to demonstrate, with a relatively large sample of participants, the influence of cognitive 
function on anomia therapy outcomes in adults with chronic aphasia. However, the total 
amount of therapy provided in this research was limited (i.e., average session 20 to 40 
minutes, 2 sessions per week for 5 weeks, total therapy time 3 hours 20 minutes to 6 
hours 40 minutes). As such, it is difficult to determine whether an increased amount of 
therapy would have influenced the relationship between cognitive ability and therapy 
outcomes. Further research investigating this relationship and providing a larger total 
amount of therapy is therefore required.  
 
In the rehabilitation literature, there is increasing support for the provision of intensive 
therapy (Bhogal, Teasell, Foley, et al., 2003; Bhogal, Teasell, & Speechley, 2003; 
Pulvermuller & Berthier, 2008); however, few studies have directly considered how 
cognitive ability may influence participation in intensive aphasia therapy programs. An 
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intensive treatment schedule may place increasing cognitive demands on adults with 
aphasia and as such, it is possible that individuals with cognitive impairments may 
differentially respond to intensive versus distributed training. Intensive, comprehensive 
aphasia programs (ICAPs) are an emerging service delivery model and are becoming 
increasingly popular in aphasia rehabilitation (Rose, Cherney, et al., 2013). By definition 
ICAPs are provided intensively and include a minimum of 3 hours of aphasia therapy per 
day, 5 days per week, for at least 2 weeks (Rose, Cherney, et al., 2013). There is 
emerging evidence supporting the efficacy of ICAPs (Persad et al., 2013; Rodriguez et al., 
2013); however, further research is still required (Hula et al., 2013). Persad et al. (2013) 
investigated the influence of personal demographic (i.e., age, gender), stroke-related (i.e., 
time post onset) and linguistic factors (i.e., aphasia severity) on therapy outcomes 
following an ICAP; however, to our knowledge no studies have considered the influence of 
cognitive ability on treatment response to ICAPs.  
 
The present study aimed to investigate the influence of cognitive ability on anomia therapy 
outcomes, as measured by naming accuracy for treated and untreated items, in adults with 
chronic, post-stroke aphasia. In order to address the limitations of previous research, we 
recruited a relatively large sample of participants with chronic aphasia; administered a 
comprehensive cognitive assessment battery; and provided an increased dosage of 
aphasia therapy (i.e., 48 hours aphasia therapy). As baseline language ability is 
acknowledged as a key predictor of anomia therapy outcomes (e.g., Lambon Ralph et al., 
2010; Martin et al., 2006), we also considered the influence of language variables, aphasia 
severity and lexical-semantic processing, on anomia therapy gains.  
 
This study was conducted as part of a larger research project investigating the efficacy of 
the comprehensive aphasia rehabilitation program, Aphasia Language Impairment and 
Functioning Therapy (Aphasia LIFT). A secondary aim of this study was to investigate the 
relationship between treatment intensity, cognitive ability and anomia therapy outcomes. 
This research will increase our understanding of the cognitive mechanisms that govern 
treatment-induced anomia recovery and will help to establish predictors of anomia 
treatment success.  
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6.3 Methods 
6.3.1 Design 
Data for this study were collected as part of the broader Aphasia LIFT research program 
(Dignam, Copland, et al., 2016; Dignam et al., 2015). A multiple baseline, parallel-group, 
pre-post-test design was employed.  
 
6.3.2 Participants 
Thirty-four adults (6F, 28 M; mean age 58.5 years, SD 10.9) with chronic aphasia (mean 
TPO 38.7 months, SD 50.4) participated in the study (Chapter 3, Table 3.1; Appendix D). 
Further details of these participants are reported in Dignam et al. (2015). The selection 
criteria for recruitment included 1) left hemisphere stroke; 2) greater than 4 months TPO; 
3) residual aphasia with an aphasia severity score of less than 62.8 on the Comprehensive 
Aphasia Test (CAT; Swinburn et al., 2004); and 4) fluent English spoken prior to their 
stroke. Participants were excluded from the study if they had 1) co-morbid neurological 
impairment (e.g., diagnosis of dementia or Parkinson’s disease); or 2) severe dysarthria or 
apraxia of speech. A decision was made by the research team to include one participant 
(P33) with a borderline CAT aphasia severity score of 63.0 due to the presence of 
significant word finding difficulties in conversation. Participants were allocated to an 
intensive (LIFT; n = 16; 16 h per week, 3 weeks) versus distributed (D-LIFT; n = 18; 6 h 
per week, 8 weeks) treatment condition based on their geographic location, the availability 
of a position within the research program, and personal factors (i.e., participant availability, 
transport, accommodation). This study was approved by the relevant institutional ethics 
committees and written informed consent was obtained from participants prior to 
participation in study procedures. 
 
6.3.3 Assessment 
Prior to therapy, all participants underwent a comprehensive language and cognitive 
assessment. Participants’ language and cognitive profiles are reported in Appendix J and 
Appendix K, respectively. As therapy primarily targeted word retrieval, confrontation 
naming of treated and untreated items was selected as the primary outcome measure. 
Three baseline naming probes, consisting of 309 picture (noun) stimuli obtained from the 
Bank of Standardized Stimuli (Brodeur et al., 2010) were administered. Forty-eight items 
that the participant was unable to name correctly (i.e., 0/3 or 1/3 accuracy) were selected 
and randomly allocated to treated (n = 24) and untreated control (n = 24) sets. In order to 
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provide a level of success with therapy, 12 items that the person with aphasia was able to 
name correctly (i.e., 2/3 or 3/3 accuracy) were selected and randomly allocated to treated 
(n = 6) and untreated control (n = 6) sets. Independent samples t tests confirmed that 
treated and untreated control sets were comparable with regards to baseline naming 
accuracy, SUBTITLE frequency (Balota et al., 2007), name agreement (Brodeur et al., 
2010) and number of syllables (p < .05). During therapy, confrontation naming accuracy 
for treated and untreated items was probed after every 3 hours of impairment therapy. 
Outcome measures for naming accuracy of treated and untreated items were collected 
immediately post-therapy and at 1 month follow-up.  
 
6.3.3.1 Language 
The language battery of the CAT (Swinburn et al., 2004) was administered to evaluate 
participants’ receptive and expressive language abilities. The language battery consists of 
six domains measuring comprehension of spoken and written language, repetition, 
naming, reading and writing. Raw scores for each domain are converted to T-scores 
(mean 50.0, SD 10.0).  An aphasia severity score is calculated by taking participants’ 
mean T-score performance across each domain. An estimate of participants’ lexical-
semantic processing was also obtained from the CAT by taking the sum of participants’ 
raw scores from the auditory and written (single) word comprehension subtests.  
 
6.3.3.2 Attention 
Two auditory subtests from the Test of Everyday Attention (TEA; Robertson et al., 1994) 
were administered to evaluate participants’ sustained and selective attention. The Elevator 
Counting subtest is a measure of sustained attention. A series of auditory tones are 
presented and participants are required to count the number of tones, as though counting 
the number of floors in an elevator. The Elevator Counting with Distraction subtest 
provides a measure of participants’ auditory selective attention and also loads highly on 
verbal working memory. A series of high and low tones are presented and participants are 
required to count the low tones while ignoring the high tones.  
 
6.3.3.3 Verbal Memory and Learning 
The Hopkins Verbal Learning Test - Revised  (HVLT-R; Brandt & Benedict, 2001) was 
administered to evaluate participants’ verbal short-term memory and learning. The HVLT-
R is a word-list learning and memory test. The examiner reads aloud a list of 12 nouns 
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(drawn from three semantic categories) and participants are required to verbally recall, in 
any order, as many words as possible. This process is repeated for three learning trials 
and the sum of correct responses yields a Total Recall score. After 20-25 minutes, a 
delayed recall trial is administered (i.e., Delayed Recall score). Finally, a yes/no 
recognition trial is administered which contains the 12 target items, six semantically-related 
distractors and six unrelated distractors. 
 
Verbal short-term memory was also measured using the forward digit span task (Lezak, 
Howieson, & Loring, 2004). Participants were required to repeat a series of numbers, of 
increasing digit length, in the same order as presented. The task was discontinued when 
participants failed to repeat a digit span on two occasions.  
 
Verbal working memory was evaluated using the reverse digit span task (Lezak et al., 
2004). Participants were required to repeat a series of numbers, of increasing digit length, 
in reverse order. The task was discontinued when participants failed to repeat a digit span 
on two occasions. The reverse digit span task is also suggested to load on measures of 
attentional capacity and executive function (Baddeley & Hitch, 1974; Groeger, Field, & 
Hammond, 1999; Lezak et al., 2004).  
 
6.3.3.4 Visuo-spatial Memory and Learning 
The Brief Visuo-spatial Memory Test – Revised (BVMT-R; Benedict, 1997) was 
administered to evaluate participants’ visuo-spatial memory and learning. Participants are 
shown a page with six geometric figures (presented in a 2 x 3 array) for 10 seconds. 
Immediately after presentation, participants are required to draw from memory each figure 
as it appeared and in the correct location. This process is repeated for three learning trials. 
A Learning Score is calculated by subtracting Trial 1 from the higher score of Trial 2 or 
Trial 3.The sum of the three learning trials yields a Total Recall score. After 25 minutes, a 
delayed recall trail is administered (i.e., Delayed Recall score). Finally, a yes/no 
recognition trial is administered, which includes the six target figures and six foils.  
 
6.3.3.5 Executive Function 
Two subtests from the Delis Kaplin Executive Function System test (D-KEFS; Delis, 
Kaplan, & Kramer, 2001) were administered to evaluate participants’ executive function 
skills. The D-KEFS Trails (switching) subtest is a measure of cognitive flexibility, which is 
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considered important for higher-level skills such as multitasking, simultaneous processing 
and divided attention (Delis et al., 2001). In this subtest, participants are required to 
connect a series of letters and numbers, in alternating sequence, as quickly as possible. 
The time taken for the participant to complete the task is the primary outcome measure. 
The D-KEFS Sorting subtest assesses participants’ concept formation and problem solving 
abilities. Participants are presented with a set of six cards, which may be sorted according 
to verbal-semantic and visuo-spatial features. In the Free Sorting condition, participants 
are required to sort the cards into two groups (i.e., three cards per group) according to as 
many different categorization rules or concepts as possible. Participants are scored 
according to the number of concepts identified (i.e., Total Sorts) and their verbal 
description of the concepts (i.e., Description).  
 
6.3.4 Therapy 
Therapy was administered in accordance with the principles of Aphasia LIFT outlined in 
Rodriguez et al. (2013). Participants each received 48 hours of aphasia therapy, which 
predominantly targeted word retrieval impairments. Therapy was comprised of 14 hours of 
impairment therapy, 14 hours of computer therapy, 14 hours of functional therapy and 6 
hours of psycho-social group therapy. Impairment therapy incorporated training of 30 
treated items using semantic feature analysis and phonological components analysis 
(Boyle, 2010; Boyle & Coelho, 1995; Leonard et al., 2008). Computer therapy reinforced 
training of these items using the computer software program StepbyStep (Steps 
Consulting Limited., 2002). Functional therapy incorporated practice of communication 
strategies and skills in functional communication environments, for example through the 
use of role-play and script training (Cherney, Halper, et al., 2008).  Finally, group therapy 
employed a psycho-social approach and was based on the Aphasia Action Success 
Knowledge program (Grohn, Brown, Finch, Worrall, Simmons-Mackie, Thomas, 
unpublished data, 2012). Further details regarding the therapy procedures are reported in 
Dignam, Copland, et al. (2016) and Dignam et al. (2015). 
 
6.3.5 Data Analysis 
Therapy outcomes for treated and untreated items were analysed at the individual level 
using the WEighted Statistics Rate of Change (WEST-ROC) method outlined in Howard et 
al. (2014). The WEST-ROC analysis takes into account individual variability during the 
baseline phase and compares participants’ pre-therapy naming accuracy with naming 
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accuracy at post-therapy and 1 month follow-up using a weighted one sample t test 
(Howard et al., 2014).  
 
In order to establish a single treatment outcome score for treated and untreated items, the 
proportion of potential maximal gain was calculated at post-therapy and 1 month follow-up 
(e.g., post-therapy raw score – pre-therapy mean score)/(total number of items – pre-
therapy mean score) (Lambon Ralph et al., 2010). Proportion of treatment gain at post-
therapy was transformed using a reflect and logarithmic transformation (Tabachnick & 
Fidell, 2007)6. The proportion of potential maximal gain for treated and untreated items at 
post-therapy (treated items transformed) and 1 month follow-up, approximated a normal 
distribution according to the Shapiro Wilk test (p > .05) (Shapiro & Wilk, 1965). Multiple 
regression analyses were conducted to determine the relative contributions of language 
and cognitive variables at baseline to anomia therapy outcomes at post-therapy and 1 
month follow-up. Consistent with Murray (2012), variables that were significantly correlated 
with treatment outcomes at post-therapy or 1 month follow-up were entered into the 
multiple regression analyses. Where bivariate correlations between variables was high 
(i.e., > .70), the variable least correlated with therapy outcome was omitted in order to 
prevent issues with multi-collinearity (Tabachnick & Fidell, 2007). To account for potential 
differences between treatment conditions, Group (i.e., LIFT/D-LIFT) was also entered into 
the multiple regression analyses. Prior to finalising the multiple regression models, 
assumptions of normality, linearity and homoscedasticity of residuals were tested and met.   
 
6.4 Results 
Thirty-two participants completed the therapy trial. Two D-LIFT participants (P29, P31) 
withdrew from the study prior to the completion of therapy due to acute onset illness and 
their data have been excluded from analyses. In addition, one D-LIFT participant (P18) did 
not complete the 1 month follow-up assessment due to a change in personal 
circumstances.  
 
Participants’ proportion of potential maximal gain for treated and untreated items at post-
therapy and 1 month follow-up are reported in Table 4.1 (Chapter 4). A subset of this data 
are reported in Dignam, Copland, et al. (2016) (Chapter 5). Twenty-six out of 32 
                                            
6
 Please note the influence of the reflect and logarithmic transformation on the interpretation of positive and negative 
values. 
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participants made statistically significant improvements in confrontation naming accuracy 
for treated items at post-therapy and therapy gains were maintained for 21 out of 31 
participants at 1 month follow-up.  Furthermore, nine out of 32 participants made 
statistically significant improvements in confrontation naming accuracy for untreated items 
at post-therapy and this was maintained for six out of 31 participants at 1 month follow-up.  
 
6.4.1 Correlation Analyses 
Pearson correlation analyses were used to establish which independent variables were 
entered into the multiple regression models. Pearson correlation analyses between 
language and cognitive ability and therapy outcomes for treated and untreated items are 
reported in Table 6.1. Strong, positive relationships (i.e., r > .70) between the following 
independent variables were found: aphasia severity and lexical-semantic processing (r = 
.702, p < .001); HVLT-R Total score and HVLT-R Delayed score (r = .827, p < .001); 
HVLT-R Total score and D-KEFS Sorting (description) (r = .781, p <.001); HVLT-R 
Delayed score and D-KEFS Sorting (description) (r = .713, p < .001); and BVMT-R Total 
score and BVMT-R Delayed score (r = .868, p < .001). Of these independent variables, the 
variable least correlated with therapy outcomes at post-therapy or 1 month follow-up was 
omitted from the multiple regression analysis. 
 
6.4.2 Multiple Regression Analyses 
6.4.2.1 Treated Items 
We found a significant relationship between therapy gains for treated items and cognitive 
measures of verbal and visuo-spatial short-term memory, working memory and executive 
function at post-therapy and 1 month follow-up. The language measures, aphasia severity 
and lexical-semantic processing, were also significantly correlated with therapy outcomes 
for treated items. Eight variables were entered into the multiple regression model to 
establish the relationship between language and cognitive ability and anomia therapy 
gains at post-therapy (Group, lexical-semantics, HVLT-R Total score, BVMT-R Total 
score, BVMT-R Learning score, Reverse digit span, D-KEFS Trails-Switching, D-KEFS 
Sorting-Total Sorts). The multiple regression model was statistically significant and 
accounted for 72.3% of the variance in anomia treatment outcomes at post-therapy, R2 = 
.723, adjusted R2 = .626, F(8, 23) = 7.50, p < .001 (Table 6.2). The beta weights indicate 
that verbal short-term memory and learning ability (HVLT-R Total score), β = -.551, p = 
.002, and lexical-semantic processing, β = -.496, p = .004, significantly contributed to 
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therapy outcomes at post-therapy, while the regression coefficient for Group (i.e., LIFT/D-
LIFT) was not statistically significant, β = -.190, p = .120. 
   
Table 6.1 Pearson correlations for language and cognitive variables and therapy gains for treated 
and untreated items. 
 Treated Items Untreated Items 
 Post Therapy Follow-up Post Therapy Follow-up 
Aphasia Severity (CAT) -.592
**
 .544
**
 .419
*
 .484
**
 
Lexical-semantics -.666
**
 .665
**
 .489
**
 .589
**
 
TEA -.084 .171 -.084 .053 
TEA/D -.204 .146 -.140 -.185 
HVLT/T -.706
**
 .513
**
 .537
**
 .536
**
 
HVLT/D -.636
**
 .531
**
 .635
**
 .683
**
 
BVMT/T -.425
*
  .348 .273 .312 
BVMT/D -.406
* 
 .438
*
  .338 .389
*
 
BVMT/L -.410
*
  .396
*
 .325  .475
**
 
Digit span (forward) -.144 .202 .007 .159 
Digit span (reverse) -.473
**
 .461
**
 .263 .355 
D-KEFS Trails (switching) -.421
*
  .288 .190 .211 
D-KEFS Sorting (total sorts) -.403
*
 .409
*
  .156 .243 
D-KEFS Sorting (description) -.652
**
 .507
**
 .424
*
 .445
*
 
Note. *p < .05; **p < .01; CAT = Comprehensive Aphasia Test; TEA = Test of Everyday Attention (elevator 
counting subtest); TEA/D = Test of Everyday Attention with distraction (elevator counting with distraction 
subtest); HVLT/T = Hopkins Verbal Learning Test (total score); HVLT/D = Hopkins Verbal Learning Test 
(delayed score); BVMT/T = Brief Visuo-spatial Memory Test (total score); BVMT/D = Brief Visuo-spatial 
Memory Test (delayed score); BVMT/L = Brief Visuo-spatial Memory Test (learning score); D-KEFS Trails 
(switching) = Delis-Kaplan Executive Function System Test (trail making test, number-letter switching scaled 
score); D- KEFS Sorting (total sorts) = Delis-Kaplan Executive Function System Test (sorting test, confirmed 
sorts raw score); D-KEFS Sorting (description) = Delis-Kaplan Executive Function System Test (sorting test, 
description raw score). 
 
Seven variables were entered into the multiple regression model to determine the 
relationship between language and cognitive ability and therapy gains for treated items at 
1 month follow-up (Group, lexical-semantics, HVLT-R Delayed score, BVMT-R Delayed 
score, BVMT-R Learning score, Reverse digit span, D-KEFS Sorting-Total Sorts). The 
multiple regression model was statistically significant and accounted for 59.6% of the 
variance in therapy gains at 1 month follow-up, R2 = .596, adjusted R2 = .467, F(7, 22) = 
4.63, p = .003 (Table 6.3). Analysis of the beta weights indicate that lexical-semantic 
processing significantly contributed to therapy outcomes at 1 month follow-up, β = .545, p 
= .012. The regression coefficients of individual cognitive variables and Group were not 
statistically significant (p > .05).  
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Table 6.2 Multiple regression model with proportion of potential maximal therapy gain for treated 
items at post-therapy as the dependent variable.  
 Regression 
Coefficient (B) 
Standard 
Error (B) 
95% Confidence 
Interval (B) 
Standardised 
Coefficient (β) 
t p 
value 
   Lower Upper    
Group -.110 .068 -.250 .031 -.190 -1.61 .120 
Lexical-
semantics 
-.013 .004 -.021 -.005 -.496 -3.24 .004 
HVLT/T -.025 .007 -.039 -.010 -.551 -3.57 .002 
BVMT/T .005 .006 -.008 .017 .134 .774 .447 
BVMT/L -.017 .017 -.052 .017 -.136 -1.04 .310 
Digit span 
(Reverse) 
.006 .025 -.046 .057 .033 .232 .818 
D-KEFS Trails -.023 .017 -.058 .012 -.215 -1.37 .183 
D-KEFS Sorting .034 .022 -.012 .079 .250 1.52 .143 
Note. HVLT/T = Hopkins Verbal Learning Test (total score); BVMT/T = Brief Visuo-spatial Memory Test (total 
score); BVMT/L = Brief Visuo-spatial Memory Test (learning score); D-KEFS Trails (switching) = Delis-
Kaplan Executive Function System Test (trail making test, number-letter switching scaled score); D- KEFS 
Sorting (total sorts) = Delis-Kaplan Executive Function System Test (sorting test, confirmed sorts raw score). 
 
Table 6.3 Multiple regression model with proportion of potential maximal therapy gain for treated 
items at 1 month follow-up as the dependent variable.  
 Regression 
Coefficient (B) 
Standard 
Error (B) 
95% Confidence 
Interval (B) 
Standardised 
Coefficient (β) 
t p 
value 
   Lower Upper    
Group .165 .083 -.008 .337 .292 1.98 .060 
Lexical-
semantics 
.014 .005 .003 .024 .545 2.75 .012 
HVLT/D .010 .018 -.028 .048 .103 .569 .575 
BVMT/D .012 .017 -.023 .047 .158 .730 .473 
BVMT/L <.001 .024 -.050 .050 -.002 -.010 .992 
Digit span 
(Reverse) 
.020 .028 -.038 .077 .120 .715 .482 
D-KEFS Sorting -.007 .025 -.060 .046 -.056 -.286 .778 
Note. HVLT/D = Hopkins Verbal Learning Test (delayed score); BVMT/D = Brief Visuo-spatial Memory Test 
(delayed score); BVMT/L = Brief Visuo-spatial Memory Test (learning score); DD- KEFS Sorting (total sorts) 
= Delis-Kaplan Executive Function System Test (sorting test, confirmed sorts raw score). 
 
6.4.2.2. Untreated Items 
Three variables were entered into the multiple regression model to determine the influence 
of language and cognitive performance on naming accuracy for untreated items at post-
therapy (Group, lexical-semantics, HVLT-R Delayed score). The multiple regression model 
was statistically significant and accounted for 51.5% of the variance in therapy gains for 
untreated items at post therapy, R2 = .515, adjusted R2 = .461, F(3, 27) = 9.54, p < .001 
(Table 6.4). The regression coefficient for Group was statistically significant, β = .313, p = 
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.030. As such, separate multiple regression models were run for the LIFT and D-LIFT 
conditions. The multiple regression model for the D-LIFT group was statistically significant, 
R2 = .642, adjusted R2 = .587, F(2, 13) = 11.65, p = .001. Performance on the HVLT-R 
(Delayed score) accounted for a significant proportion of the variance in naming gains for 
untreated items at post-therapy, β =.726, p = .007, whereas lexical-semantic processing 
did not (p > .05). In contrast, the multiple regression model for the LIFT condition was not 
significant (p = .160). 
 
Table 6.4 Multiple regression models for LIFT and D-LIFT with proportion of potential maximal 
therapy gain for untreated items at post-therapy as the dependent variable.  
 Regression 
Coefficient 
(B) 
Standard 
Error (B) 
95% Confidence 
Interval (B) 
Standardised 
Coefficient 
(β) 
t p 
value 
   Lower Upper    
Total (LIFT, D-LIFT)        
Group .136 .059 .014 .258 .313 2.28 .030 
Lexical-semantics .005 .003 -.002 .011 .233 1.35 .189 
HVLT/D .033 .012 .007 .058 .456 2.63 .014 
LIFT        
Lexical-semantics .005 .005 -.007 .017 .295 .957 .357 
HVLT/D .014 .016 -.020 .049 .280 .908 .382 
D-LIFT        
Lexical-semantics .002 .004 -.007 .011 .105 .467 .648 
HVLT/D .060 .019 .020 .100 .726 3.23 .007 
Note. LIFT = Intensive treatment condition; D-LIFT = Distributed treatment condition; HVLT/D = Hopkins 
Verbal Learning Test (delayed score). 
 
 
Finally, five variables were entered into the multiple regression model for untreated items 
at 1 month follow-up (Group, lexical-semantics, HVLT-R Delayed score, BVMT-R Delayed 
score, BVMT-R Learning score). The multiple regression model was statistically significant 
and accounted for 52.2% of the variance in naming gains for untreated items at 1 month 
follow-up, R2 = .522, adjusted R2 = .426, F(5, 25) = 5.46, p = .002 (Table 6.5). The beta 
weights indicate that the HVLT-R Delayed score significantly contributed to naming gains 
in untreated items at 1 month follow-up, β = .455, p .021.   
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Table 6.5 Multiple regression model with proportion of potential maximal therapy gain for untreated 
items at 1 month follow-up as the dependent variable.  
 Regression 
Coefficient (B) 
Standard 
Error (B) 
95% Confidence 
Interval (B) 
Standardised 
Coefficient (β) 
t p value 
   Lower Upper    
Group .126 .063 -.005 .257 .290 1.98 .059 
Lexical-
semantics 
.004 .004 -.003 .012 .219 1.20 .242 
HVLT/D .033 .013 .005 .060 .455 2.46 .021 
BVMT/D -.004 .011 -.027 .020 -.063 -.328 .746 
BVMT/L .011 .018 -.026 .048 .117 .618 .542 
Note. HVLT/D = Hopkins Verbal Learning Test (delayed score); BVMT/D = Brief Visuo-spatial Memory Test 
(delayed score); BVMT/L = Brief Visuo-spatial Memory Test (learning score). 
 
6.5 Discussion  
This study investigated the influence of cognitive ability on short and long-term anomia 
therapy outcomes in adults with chronic aphasia. Furthermore, we investigated the effect 
of language processing ability on treatment response. Importantly, we found that both 
language and cognitive variables independently predicted therapy outcomes for treated 
items at post-therapy. This finding is consistent with the results of Lambon Ralph et al. 
(2010), which found that language and cognitive ability significantly influenced naming 
gains in response to anomia rehabilitation. In contrast, we found that only language ability, 
as measured by lexical-semantic processing, was a significant predictor of therapy 
outcomes at 1 month follow-up. With respect to generalisation of word retrieval skills, we 
found that cognitive ability, as measured by the HVLT-R, and not lexical-semantic 
processing was a significant predictor of naming gains for untreated items at post-therapy 
and 1 month follow-up.  
 
With respect to the role of individual cognitive domains, we found that performance on 
measures of verbal and visuo-spatial short-term memory, working memory and executive 
function was significantly correlated with naming gains for treated items. Furthermore, we 
found that performance on the delayed memory tasks for verbal and visuospatial short-
term memory and visuo-spatial learning correlated with generalisation to untreated items. 
Collectively, these cognitive measures, in conjunction with language ability, significantly 
influenced therapy gains for treated and untreated items, according to the multiple 
regression analyses. These findings are somewhat consistent with the results of a small 
number of studies that have previously investigated the relationship between cognitive 
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ability and anomia therapy outcomes in adults with chronic aphasia (Lambon Ralph et al., 
2010; Yeung & Law, 2010).  
 
6.5.1 Treated Items 
6.5.1.1 Memory and Learning 
Helm-Estabrooks (2002) suggests that aphasia therapy is a learning experience and 
consequently therapy outcomes are dependent upon memory processes. The importance 
of memory-related structures on the success of anomia therapy has been further 
highlighted in neuroimaging studies conducted by Meinzer et al. (2010) and Menke et al. 
(2009). Consistent with these results, we found that verbal and non-verbal short-term 
memory (HVLT-R, BVMT-R) and working memory (reverse digit span) significantly 
correlated with therapy outcomes for treated items and contributed to treatment success at 
post-therapy and 1 month follow-up. Our findings suggest that the integrity of general 
memory processes is important in order to be able to learn and retain linguistic knowledge 
trained during aphasia rehabilitation. The HVLT-R is a verbal measure of short-term 
memory and learning and consequently may be influenced by participants’ language 
impairment. However, despite the potential influence of participants’ language abilities, the 
HVLT-R (total score) was the only cognitive measure to significantly contribute to the 
multiple regression model for treated items at post-therapy. Consistent with the results of 
the present study, previous research has highlighted the importance of verbal short-term 
memory in language learning (Baddeley et al., 1998; Gathercole & Baddeley, 1989, 1990). 
Verbal short-term memory ability has been found to significantly influence vocabulary 
acquisition in children (Gathercole & Baddeley, 1989, 1990); foreign language learning in 
healthy adults (Baddeley et al., 1998); and verbal learning in people with aphasia (Martin & 
Saffran, 1999). Furthermore, recent research has found that verbal learning ability, 
measured using a novel word learning paradigm, was significantly correlated with anomia 
therapy gains in adults with aphasia (Dignam, Copland, et al., 2016). The results of the 
present study contribute to our understanding of the role of verbal short-term memory and 
learning in language recovery in aphasia and suggest that the short-term retention and 
rehearsal of linguistic information is an important skill in achieving anomia treatment gains.  
 
Further support for the influence of short-term memory on anomia therapy outcomes is 
provided by the significant correlations between visuo-spatial memory, measured by the 
BVMT-R, and therapy gains for treated items. The positive relationship between visuo-
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spatial memory and therapy outcomes is consistent with studies investigating treatment 
success and spontaneous recovery in acute/subacute aphasia (Goldenberg et al., 1994; 
Seniow et al., 2009b) and in treatment-induced recovery in chronic aphasia (Lambon 
Ralph et al., 2010). Goldenberg et al. (1994) suggests that the ability to recall linguistic 
information is dependent upon general memory abilities and that in adults with aphasia 
memory capacity may be determined using non-verbal, visuo-spatial memory tasks. 
Consequently, it is possible that measures of visuo-spatial short-term memory are more 
sensitive to the general memory capacity of individuals with aphasia, as they bypass an 
impaired language system. This argument further suggests that general memory 
capacities are important for language learning and recovery in aphasia rehabilitation.  
 
We also found a moderate, positive correlation between working memory, measured using 
the reverse digit span task, and therapy gains for treated items. The phonological loop is 
suggested to play an important role in word learning and vocabulary acquisition and is 
frequently measured using the verbal short-term memory task, forward digit span 
(Baddeley et al., 1998). In the present study, we did not find a significant correlation 
between forward digit span and anomia therapy gains. However, consistent with a small 
number of language learning studies in healthy participants (e.g., Kormos & Safar, 2008) 
we did find a significant correlation between performance on the reverse digit span task 
and anomia therapy outcomes. Groeger et al. (1999) found that there was a significant 
relationship between performance on the forward and reverse digit span tasks; however, 
performance on the reverse digit span task was also influenced by executive function. As 
such, it is possible that the significant relationship between reverse digit span and anomia 
therapy outcomes in the present study (and not forward digit span) is reflective of the 
influence of executive function. Consistent with this suggestion, we found moderate, 
positive correlations between performance on the reverse digit span task and measures of 
executive function (D-KEFS Trails (switching), r = .413 p = .015; D-KEFS Sorting (total 
sorts), r = .424, p = .012). This interpretation is further consistent with our finding of a 
significant relationship between executive function, as measured by the D-KEFS, and 
therapy gains for treated items. 
 
Key differences emerged in the multiple regression models predicting therapy outcomes 
for treated items at post-therapy and 1 month follow-up, with respect to measures of 
memory. Interestingly, Total Scores from the HVLT-R and BVMT-R (i.e., immediate recall 
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scores) were most highly correlated with anomia therapy outcomes immediately post-
therapy. In contrast, the Delayed Scores from the HVLT-R and BVMT-R were most highly 
correlated with the maintenance of therapy gains at 1 month follow-up. These findings 
suggest that the cognitive mechanisms supporting memory and recall after a brief delay 
(i.e., 20 – 25 minutes) may also contribute to the long-term maintenance of therapy gains 
in aphasia rehabilitation. As such, verbal and visuo-spatial memory tests incorporating a 
brief delayed recall test may provide important information about individuals’ ability to 
maintain treatment gains in the long-term.  
 
6.5.1.2 Executive Function 
Two measures of executive function, the D-KEFS Trails (switching) subtest and the D-
KEFS Sorting (total sorts) subtest, significantly correlated with anomia therapy outcomes 
for treated items at post-therapy. In addition, the D-KEFS Sorting (total sorts) subtest 
significantly correlated with therapy outcomes for treated items at 1 month follow-up. 
Studies have demonstrated that higher order cognitive skills, including executive function, 
are important to be able to navigate the complex dynamics of human communication 
(Frankel, Penn, & Ormond-Brown, 2007; Fridriksson et al., 2006; Purdy, 2002). 
Furthermore, consistent with our findings, studies suggest an important role of executive 
function in the acquisition and maintenance of anomia therapy gains (Fillingham et al., 
2005b; Lambon Ralph et al., 2010; Yeung & Law, 2010). Executive function incorporates 
skills pertaining to goal oriented behaviour, concept formation and mental flexibility. 
Hinckley and Carr (2001) suggest that executive function may also influence individuals’ 
response to particular types of aphasia therapy. For example, Hinckley and Carr (2001) 
hypothesised that therapy outcomes for context-based aphasia therapy would be more 
reliant on executive function than skill-based aphasia interventions. Consistent with their 
predictions, Hinckley and Carr (2001) found that executive function was negatively 
correlated with time to reach criterion for context-based therapy and positively correlated 
with context-based therapy outcomes at 6 months post-therapy. In contrast, therapy 
outcomes in response to skill-based training were not correlated with executive function. 
The therapy provided in the present study included impairment based training, using 
semantic feature analysis and phonological components analysis. These treatments 
incorporate elements of strategy, concept formation and goal oriented behaviour by 
encouraging participants to self-generate semantic and phonological features in order to 
aid retrieval of the target word. As such, it is suggested that the impairment-based 
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treatment employed in the current study engaged the use of higher-order cognitive skills, 
specifically executive function. Consequently, participants’ performance on measures of 
executive function significantly correlated with and contributed to therapy success for 
treated items at post-therapy and 1 month follow-up.  
 
6.5.1.3 Attention 
We found that participants’ attentional capacity, assessed using the TEA, was not 
significantly correlated with therapy gains for treated items. Consistent with Lambon Ralph 
et al. (2010), we found that performance on the TEA Elevator Counting subtest was within 
normal limits for the majority of participants (28 out of 34 participants) and consequently, 
did not significantly correlate with therapy outcomes. Participants’ performance on the TEA 
Elevator Counting with Distraction (TEA/D) subtest was more variable. Approximately 50% 
of participants (18 out of 34 participants) demonstrated impaired divided attention on the 
TEA/D. In contrast to Lambon Ralph et al. (2010), we found that performance on the 
TEA/D did not significantly correlate with therapy gains for treated items at post-therapy or 
1 month follow-up. One potential account for this result is that the dosage of therapy 
provided in Aphasia LIFT (i.e., 48 hours) was sufficient to generate therapy-related 
changes even for individuals with impaired attention. The therapy dosage provided in 
Lambon Ralph et al. (2010) included two 20 to 40 minute therapy sessions per week for 5 
weeks. As such, it is possible that with this limited total amount of therapy, only 
participants with strong attentional capacities were able to engage in and benefit from 
treatment. In contrast, with an increased dosage of therapy provided in the present study, 
even individuals with impaired attentional systems responded to therapy. In a study 
evaluating cognitive ability in adults with aphasia, Kalbe, Reinhold, Brand, Markowitsch, 
and Kessler (2005) found that short-term memory and reasoning ability (i.e., aspects of 
executive function) correlated more strongly with language ability compared with attention. 
The results of our study further extend these findings and suggest that while short-term 
memory and executive function had a significant influence on language therapy gains, 
attentional capacity, as tested in the present study, did not.  
 
6.5.1.4 Language  
Although not the primary aim of the current research, we also considered the influence of 
participants’ baseline language performance on therapy outcomes for anomia. It was 
considered important to include a measure of language ability in the present study as 
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previous research has shown that baseline language ability is a significant predictor of 
recovery (Pedersen et al., 1995) and that language and cognitive ability may 
independently influence anomia therapy gains (Lambon Ralph et al., 2010). We found that 
both aphasia severity and lexical-semantic processing were significantly correlated with 
therapy gains for treated items. Specifically, lexical-semantic processing significantly 
predicted therapy gains for treated items at post-therapy and 1 month follow-up. These 
findings are consistent with the results of previous research, which suggests that intact 
lexical-semantic processing is integral to the acquisition and maintenance of anomia 
therapy gains (Martin et al., 2004; Martin et al., 2006).  
 
6.5.2 Untreated Items 
With regards to the generalisation of treatment effects, we found a small number of 
participants made significant improvements in confrontation naming for untreated items at 
post-therapy (9 participants) and 1 month follow-up (6 participants). The multiple 
regression analysis indicated that Group significantly influenced therapy gains for 
untreated items at post-therapy. However, it should be noted that due to the small number 
of participants who made significant gains for untreated items, this analysis may be 
underpowered. For the D-LIFT condition, the HVLT-R Delayed score significantly 
influenced gains for untreated items at post-therapy; whereas this effect was not significant 
for the LIFT condition (p = .382). Furthermore, delayed recall tests for both verbal and 
visuo-spatial short-term memory and learning significantly influenced gains in untreated 
items at 1 month follow-up.  
 
Few studies have provided evidence of generalisation to untreated items in response to 
aphasia therapy. In a review of the anomia therapy literature, Best et al. (2013) found that 
treatments with a focus on strategy, particularly those that incorporated semantics, were 
more likely to achieve generalisation than treatments that targeted specific 
representations. If the application of strategy is responsible for generalisation, it is 
hypothesised that executive function would significantly correlate with gains for untreated 
items. However, the results of the present study do not support this hypothesis. 
Interestingly, Nickels (2002a) found improvements in naming accuracy for untreated items 
as a result of attempted naming, when no feedback or cueing was provided. Nickels 
(2002a) hypothesised that successful naming of a target may raise the resting level of 
activation, making it more likely that the target will be successfully retrieved on future 
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presentations. Accordingly, Howard et al. (2014) suggest that in some cases improved 
naming for untreated items may actually be the result of repeated probing rather than 
generalisation of word retrieval skills. In the present study, naming probes for treated and 
untreated items were conducted after every 3 hours of impairment based therapy. Probes 
were administered at the start of the therapy session and no feedback was provided to 
participants. However, it is possible that exposure to the untreated items alone may have 
inadvertently resulted in improved naming. Consistent with this suggestion, individuals with 
superior short-term memory and learning processes, as measured by the HVLT-R and 
BVMT-R, were more likely to recall prior presentations of the probes and thus accurately 
retrieve the target items. The results of our study suggest that exposure to the probes and 
not generalisation of underlying word retrieval skills may have resulted in improved naming 
for untreated items. Howard et al. (2014) advocate for the use of three treatment sets in 
anomia therapy research; treated items, untreated items which are probed as frequently as 
treated items, and untreated items that are only assessed before and after the therapy 
phase. Consequently, the use of this design in future research is required in order to 
further evaluate the effects of generalisation, independent of repeated naming probes. 
Further research investigating the cognitive mechanisms supporting the generalisation of 
word retrieval skills is also warranted.  
 
It is interesting to compare the results of the multiple regression analyses for treated items 
with those of the untreated items. Short-term memory ability significantly accounted for 
gains in untreated items and we suggest that this result may be due to repeated probing. 
However, both short-term memory and executive function influenced therapy outcomes for 
treated items. This finding suggests that treatment effects were not just the result of 
exposure to treated stimuli, but that higher order cognitive processes were important to the 
therapeutic process and therapy outcomes. Furthermore, lexical-semantic processing was 
found to significantly influence therapy gains for treated items but not untreated items. This 
finding provides further support for the hypothesis that alternative mechanisms are 
operating to support the acquisition and maintenance of treated items versus untreated 
items.  
 
6.5.3 Treatment Intensity 
Previous research suggests that individuals with impaired learning may benefit from 
distributed versus massed training (Camp et al., 1996; Riches et al., 2005). Alternatively, 
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some studies suggest that when the rate of forgetting information is high (i.e., impaired 
memory capacity) intensive or massed training may be more beneficial compared with 
distributed training (Donovan & Radosevich, 1999). In the present study, we hypothesised 
that intensive therapy may place increasing cognitive demands on participants and 
consequently, individuals with impaired cognition may differentially respond to intensive 
versus distributed aphasia therapy. However, we found that therapy group (LIFT/D-LIFT) 
was not a significant predictor of naming accuracy for treated items at post-therapy (β = -
.190, p = .120) or at 1 month follow-up (β = .292, p = .060). Whilst we found a significant 
effect of Group for naming of untreated items at post-therapy (β = .313, p = .030), closer 
inspection of individual participant data revealed that few participants from the LIFT 
condition made statistically significant gains in naming of untreated items (n = 2 
participants). As such, these analyses may have been underpowered. It is possible that a 
larger cohort of participants is required in order to explore the relationship between 
treatment intensity, cognitive ability and anomia therapy outcomes. Furthermore, in view of 
the heterogeneity of language and cognitive impairments in adults with aphasia, it is 
possible that a repeated measures cross-over design may provide a more useful method 
of exploring this relationship.  
 
6.5.4 Limitations and Future Directions 
It is important to acknowledge that there are many factors which may influence 
performance in aphasia rehabilitation and ultimately influence therapy outcomes. This 
study specifically evaluated the influence of language and cognitive ability on anomia 
therapy outcomes; however, stroke-related (i.e., lesion site and size) and demographic 
variables may also influence recovery and treatment response (Marshall & Phillips, 1983; 
Meinzer et al., 2010; Plowman et al., 2012; Watila & Balarabe, 2015). Furthermore, 
metacognition plays a critical role in the learning process and as such, may influence 
therapy outcomes (Toppino, Cohen, Davis, & Moors, 2009). Consistent with this 
suggestion, Fillingham et al. (2005a, 2005b) found that self-monitoring and participant 
awareness were significant predictors of anomia treatment success. Finally, personal 
factors, such as level of motivation and support, are important to the therapeutic process 
and may influence individuals’ ability to achieve therapy gains. Consequently, further 
research investigating factors influencing treatment-induced recovery are required in order 
to advance models of rehabilitation and to establish clinically useful predictors of aphasia 
therapy response.  
130 
 
 
This study evaluated the effect of language and cognitive ability on anomia therapy 
outcomes, specifically confrontation naming of treated and untreated items. However, it is 
acknowledged that the therapy provided, Aphasia LIFT, was a comprehensive therapy 
program, which incorporated a combination of impairment, functional, computer and 
group-based training. Consistent with Hinckley and Carr (2005), it is possible that cognitive 
ability may differentially influence measures of language impairment and functional 
communication. As such, it is important that future research consider the influence of 
cognitive ability on measures of communication across World Health Organization 
International Classification of Functioning, Disability and Health (World Health 
Organization., 2001) domains.  
 
6.6 Summary and Conclusions 
This study provides evidence that both cognitive and language ability at baseline may 
significantly influence naming gains for treated and untreated items in response to aphasia 
therapy. Specifically, our findings provide support for the influence of short-term memory 
and executive function on confrontation naming gains for treated items. Furthermore, 
lexical-semantic processing significantly influenced therapy gains for treated items at post-
therapy and 1 month follow-up. We also evaluated the cognitive correlates of 
generalisation to untreated items and our results suggest that short-term memory plays a 
key role. This study advances our understanding of the cognitive mechanisms subserving 
treatment success in aphasia rehabilitation and the findings have important implications for 
clinical practice. Consideration of individuals’ cognitive ability may be helpful in 
determining individuals’ suitability for therapy and in predicting therapy response. 
Furthermore, consideration of individuals’ cognitive profile may help to develop more 
targeted language interventions.  For example, Hinckley and Carr (2001) suggest that 
cognitive ability may be important with respect to specific task demands for aphasia 
therapy. Manipulating therapy tasks to optimise the cognitive load, taking into 
consideration individuals’ cognitive strengths and weaknesses, may therefore enhance 
therapy outcomes. Additional research into the cognitive demands of specific therapy 
tasks in aphasia rehabilitation and their influence on therapy outcomes is required. 
Furthermore, memory and executive function have been identified as integral cognitive 
domains underpinning learning. Further research into the relationship between learning, 
cognition and aphasia therapy success is an important direction for future research.  
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7. Chapter Seven 
Conclusion 
 
 
This thesis aimed to investigate the influence of treatment intensity, language and 
cognitive ability on aphasia therapy outcomes for adults with chronic, post-stroke aphasia. 
Participants completed 48 hours of a comprehensive, aphasia rehabilitation program, 
Aphasia LIFT. The effect of an intensive (16 hours per week, 3 weeks) versus distributed 
(6 hours per week, 8 weeks) treatment schedule on language impairment, functional 
communication and quality of life outcomes was investigated. Additionally, the influence of 
individual participant characteristics, including language, novel word learning and cognitive 
abilities, on therapy outcomes for anomia was investigated. The following chapter contains 
a summary of the major findings of these studies and their implications for research and 
clinical practice. In addition, the limitations of these studies and important directions for 
future research are outlined.  
 
7.1 Summary of Major Findings 
The effect of treatment intensity (massed versus distributed therapy schedule) on 
language impairment and functional communication outcomes was investigated. A 
distributed therapy schedule resulted in superior therapy outcomes on the Boston Naming 
Test, an impairment-based measure of single word retrieval, at post-therapy and 1 month 
follow-up. In addition, comparable gains in confrontation naming of treated and untreated 
items for the distributed and intensive therapy conditions were found. At the individual 
level, there was a trend favouring D-LIFT on the maintenance and generalisation of 
anomia therapy gains. With respect to measures of communication activity, participation 
and quality of life, comparable treatment gains for the intensive and distributed treatment 
conditions were found at post-therapy and 1 month follow-up. Overall, these findings 
suggest that for adults with chronic, post-stroke aphasia a distributed therapy schedule of 
6 hours per week for 8 weeks achieves comparable, if not superior, aphasia therapy 
outcomes compared with an intensive therapy schedule of 16 hours per week for 3 weeks.  
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In view of the heterogeneous nature of aphasia and aphasia treatment response, single-
case analysis was also conducted to investigate individual participants’ response to 
treatment and the role of treatment intensity. The relationship between participant 
characteristics, such as demographic and language-related factors, and anomia therapy 
outcomes was also considered. At the individual level, there was a variable response to 
Aphasia LIFT, as measured by confrontation naming of treated and untreated items. 
Individuals who presented with predominantly semantic processing deficits demonstrated 
the most variable response to therapy; however, performance for this group may have 
been influenced by aphasia severity and the presence of auditory comprehension 
impairments. Individuals with a language profile consistent with a breakdown in the 
mapping of semantics to phonology generally demonstrated a positive response to 
treatment. Finally, individuals with phonological processing deficits demonstrated variable 
therapy outcomes; however, because of the small number of participants in this category, 
further research with a larger sample is required. With respect to the influence of 
participant characteristics and service delivery variables, it was found that age, TPO and 
cumulative treatment intensity did not influence anomia therapy gains. 
 
The relationship between participants’ verbal learning ability, measured using a novel word 
learning paradigm, and therapy outcomes for anomia was also investigated. Adults with 
chronic, post-stroke aphasia were able to acquire novel lexical-semantic representations 
and novel word learning ability was found to significantly correlate with anomia therapy 
outcomes at post-therapy but not at 1 month follow-up. These results suggest that the 
cognitive mechanisms supporting novel word learning may also, to some extent, support 
the treatment-induced recovery of aphasia. Participants with lexical-semantic processing 
impairments demonstrated increased difficulty acquiring novel lexical-semantic 
representations, and for these individuals, treatment-induced recovery may occur via 
mechanisms other than new learning, such as the reactivation of existing representations 
(e.g., semantic facilitation, priming). It is important to acknowledge that while the 
relationship between novel word learning ability and anomia therapy outcomes was 
statistically significant, the multiple regression model only accounted for 49.1% of the 
variance in naming gains for treated items at post-therapy. As such, other variables, 
including cognitive ability, are likely to contribute to anomia treatment response.  
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Finally, the influence of cognitive ability on anomia therapy outcomes was investigated. 
Significant correlations between measures of language and cognitive ability and anomia 
therapy gains were found. Verbal and visuo-spatial short-term memory, working memory 
and executive function significantly correlated with confrontation naming gains for treated 
items at post-therapy and 1 month follow-up. Verbal short-term memory and learning 
ability, as measured by the HVLT-R, and lexical-semantic processing ability both emerged 
as significant predictors of therapy gains for treated items at post-therapy. In contrast, only 
lexical-semantic processing ability independently predicted therapy gains for treated items 
at 1 month follow-up. With respect to the generalisation of word retrieval skills, measures 
of verbal and visuo-spatial short-term memory and learning significantly correlated with 
confrontation naming gains for untreated items at post-therapy and 1 month follow-up. 
Performance on the HVLT-R significantly predicted naming gains for untreated items, 
whereas lexical-semantic processing ability did not. These findings provide evidence to 
support the role of language and cognition, in particular verbal learning and short-term 
memory ability, in therapy-induced naming improvements. The broader issues raised by 
the major findings of this thesis will be explored in further detail in the following section.   
 
7.1.1 Intensive Comprehensive Aphasia Programs (ICAPs)  
The present body of research involved delivery of the comprehensive aphasia program, 
Aphasia LIFT. Intensive Comprehensive Aphasia Programs (ICAPs) are a relatively new 
service delivery model in aphasia rehabilitation (Rose, Cherney, et al., 2013). Although 
there is preliminary evidence supporting the efficacy of ICAPs (Persad et al., 2013; 
Rodriguez et al., 2013), Hula et al. (2013) suggest that further research is required in order 
to evaluate the optimal treatment parameters. The studies reported in Chapter 3 and 
Chapter 4 investigated the role of treatment intensity in Aphasia LIFT by controlling the 
dose, dose form and session duration while systematically manipulating the session 
frequency and total intervention duration.  Two levels of treatment intensity were 
compared; however, further research is required in order to determine the optimal level of 
treatment intensity. The cognitive psychology literature suggests that the distributed 
practice effect may resemble an inverse U function; whereby learning outcomes are limited 
if the gap between learning sessions is too small or too large (Cepeda et al., 2006). 
Consequently, further research investigating the efficacy of different levels of treatment 
intensity is required to potentially identify an optimal schedule. Given that some individuals 
show a differential preference for intensive versus distributed aphasia therapy 
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(Ramsberger & Marie, 2007; Sage et al., 2011), and that different treatment approaches 
may be optimised with intensive versus distributed training, it is also noted that the optimal 
treatment schedule may vary for different treatment approaches and different clinical 
populations.     
 
A survey conducted by Rose, Cherney, et al. (2013) to explore international ICAP 
practices found much variability with respect to dose parameters. This survey found that of 
12 ICAPs operating internationally, the average treatment schedule included 4.75 hours 
per day (range 3 – 7 hours), 4.5 days per week (range 3 – 6 days) for a total intervention 
duration of 21 days (range 12 – 33 days). Overall, the average ICAP provided a total of 
101 hours of intervention (range 48 – 150 hours). A previous systematic review suggests 
that an average of 98.4 hours of aphasia therapy may be required to achieve positive 
therapeutic gains (Bhogal, Teasell, & Speechley, 2003). However, the present research 
demonstrated significant improvements across measures of language impairment and 
functional communication after only 48 hours of therapy. Consequently, further research to 
establish optimal treatment parameters with respect to dose, dose frequency and total 
intervention duration of ICAPs is still required (Hula et al., 2013).  
 
The cognitive psychology literature suggests that the optimal learning schedule (i.e., 
massed versus distributed) may vary depending on the complexity of the task (Donovan & 
Radosevich, 1999). Furthermore, Hinckley and Carr (2005) suggest that aphasia therapy 
approaches may recruit different cognitive skills, depending on the task requirements. 
ICAPs adopt a comprehensive approach to the rehabilitation of aphasia. As such, it is 
possible that the different treatment components of ICAPs may require different cognitive 
skills that do not respond to intensive versus distributed learning schedules in similar 
ways. For example, impairment versus functional aphasia therapy gains may be acquired 
using different cognitive and learning mechanisms. There is evidence that anomia therapy 
outcomes may be optimised with distributed training (Sage et al., 2011). However, further 
research is required to determine optimal therapy schedule and the cognitive and learning 
mechanisms underlying the treatment of different language impairments (i.e., auditory and 
written comprehension, sentence production) and different treatment approaches (e.g., 
functional, computer and group-based aphasia therapy).  
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A research agenda proposed by Hula et al. (2013) called for further research to evaluate 
the active treatment components of ICAPs, with the respect to the comprehensive nature 
of the programs. Furthermore, Hula et al. (2013) acknowledged the challenges facing 
outcome measurement in response to ICAPs because of the complexity of the 
intervention. Whyte, Gordon, and Rothi (2009) differentiate between proximal outcome 
measures, which are most closely related to the proposed treatment mechanisms, and 
distal outcome measures, which reflect the more ecologically meaningful effects of 
treatment. However, as Hula et al. (2013) observe, a proximal outcome measure for one 
treatment component in an ICAP (e.g., functional communication ability)  may be a distal 
outcome measure for another treatment component (e.g., impairment based word retrieval 
therapy). Furthermore, it is not yet clear how these treatment components interact. For 
example, increased communication confidence at the activity / participation level may be 
the indirect result of improved word retrieval at the impairment level. Aphasia LIFT 
incorporated impairment, functional, computer and group-based aphasia therapy. Whilst 
significant improvements across measures of language impairment and functional 
communication were found, it is difficult to determine the active elements of treatment.  
 
Therapy response to ICAPs may also be influenced by less tangible factors, such as the 
development of new relationships, group morale and increased opportunity for 
communication. A defining feature of ICAPs is that a single cohort of participants enters 
and leaves the program at the same time (Rose, Cherney, et al., 2013). A qualitative study 
of clinicians’ experiences of ICAPs found that the ICAP setting provided opportunity for 
new relationships to develop between the participants with aphasia and their families 
(Babbitt, Worrall, & Cherney, 2013). Furthermore, a sense of camaraderie and group 
bonding emerged, due to the increased time and proximity of participants during intensive 
therapy. However, it is difficult to quantify how these psychosocial elements may influence 
treatment response. Furthermore, with respect to the current research, it is difficult to 
ascertain how any psycho-social benefits may have differed for the intensive versus 
distributed therapy conditions. Consequently, additional research is required to determine 
the active treatment components of ICAPs, how these components interact, and the 
potential influence of group dynamics on language, communication and quality of life 
outcomes.  
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7.1.2 Language Processing 
From a clinical perspective it is reasonable to expect that individuals’ baseline language 
ability would influence their response to anomia therapy. Previous research indicates that 
lexical-semantic processing ability positively influences treatment response for anomia 
rehabilitation (Martin et al., 2004; Martin & Gupta, 2004; Renvall et al., 2003; Renvall et al., 
2005). Consistent with these findings, the present research found that lexical-semantic 
processing ability was a significant predictor of anomia therapy outcomes for treated items 
at post-therapy and 1 month follow-up for the LIFT and D-LIFT conditions. Individuals’ 
lexical-semantic processing ability was calculated by taking the sum of participants’ single-
word auditory and written comprehension scores from the CAT. As such, this lexical-
semantic measure also provides a measure of participants’ auditory and written 
comprehension, which has previously been found to influence aphasia therapy outcomes 
(Murray et al., 2004; Paolucci et al., 2005). These findings suggest that consideration of 
individuals’ (input) lexical-semantic processing ability may provide clinically useful 
information about individuals’ potential response to linguistic-based word retrieval 
treatment.      
 
Closely related to the influence of lexical-semantic processing on therapeutic outcomes is 
the role of aphasia severity. Surprisingly few studies have systematically investigated the 
influence of aphasia severity on language outcomes in adults with chronic aphasia (Basso, 
2003). The study reported in Chapter Four found a significant positive relationship 
between aphasia severity, measured using the CAT, and therapy gains for treated items 
for the LIFT condition only. This relationship indicates that LIFT participants with more mild 
aphasia (i.e., high CAT severity scores) achieved greater therapeutic gains. In contrast, 
there was no significant relationship between aphasia severity and therapy gains for 
treated items for the D-LIFT condition, suggesting that aphasia severity did not influence 
therapy gains for treated items for the D-LIFT participants. Previous research indicates 
that individuals with impaired learning may benefit from distributed training (Camp et al., 
1996; Riches et al., 2005). As such, it is possible that in the present study, individuals with 
more severe aphasia benefited from a distributed versus intensive model of Aphasia LIFT. 
However, given the variability of language impairments in individuals with aphasia, further 
research investigating this effect, potentially employing the use of a repeated-measure 
cross-over design, is required. Regardless, this finding highlights the clinical need to 
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carefully consider aphasia severity when employing a high intensity therapy schedule in 
aphasia rehabilitation.    
 
It is interesting to note the differences between the influence of lexical-semantic 
processing and aphasia severity on therapy gains for the LIFT and D-LIFT conditions. The 
lexical-semantic processing score was derived from measures of individuals’ auditory and 
written comprehension. In contrast, aphasia severity was based on participants’ 
performance across both receptive and expressive language tasks. As such, it is possible 
that the differential effect of aphasia severity on therapy outcomes for the LIFT and D-LIFT 
condition is related to individuals’ expressive language impairment. Furthermore, lexical-
semantic processing was based on individuals’ single word processing, whereas the 
aphasia severity score incorporated measures of participants’ language at the single-word, 
sentence and connected speech level. It is possible that lexical-semantic processing 
provides a more proximal measure of individuals’ language ability than aphasia severity 
and therefore was more closely related to the primary outcome measure of single-word 
retrieval.  
 
7.1.3 Verbal Learning 
Investigation into the role of learning in aphasia rehabilitation is a developing area of 
research. Martin and Saffran (1999) suggest that the ability to acquire verbal information is 
dependent upon word processing and short-term memory abilities. As such, verbal 
learning ability may play an important role in the rehabilitation of aphasia. In the present 
body of research participants’ verbal learning and short-term memory abilities were 
evaluated using two distinct tasks; an informal novel word learning paradigm and a verbal 
list-learning assessment, the Hopkins’ Verbal Learning Test – Revised (HVLT-R; Brandt & 
Benedict, 2001). In Chapter Five of this thesis, the relationship between novel word 
learning ability and anomia therapy outcomes was evaluated. The results demonstrate that 
participants were capable of acquiring novel lexical-semantic representations and that 
novel word learning performance was significantly correlated with therapy gains for treated 
items at post-therapy. Furthermore, in Chapter Six of this thesis, the influence of cognitive 
ability on therapy outcomes for anomia was evaluated. With respect to confrontation 
naming gains for treated items, verbal learning and short-term memory, measured using 
the HVLT-R, was found to be a significant predictor of anomia therapy success. Together, 
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these findings suggest that verbal learning and short-term memory ability are important 
contributors to therapy gains in aphasia rehabilitation.  
 
The cognitive mechanisms underlying aphasia therapy are complex and remain poorly 
understood. An understanding of how behavioural intervention brings about change to 
impaired linguistic and cognitive processes is necessary in order to develop a theory of 
rehabilitation. As discussed in Chapter Five, it is possible that aphasia therapy gains are 
the result of new learning or alternatively the result of the (re)activation of existing 
representations. The verbal learning and short-term memory tasks employed in this 
research considered both the learning of new lexical-semantic representations (i.e., novel 
semantics and phonology) and the list-learning of existing representations. These tasks 
were highly correlated (i.e., Pearson’s correlations novel word learning (recognition task) 
and HVLT-R Total score r = .581, p = .001; novel word learning (recognition task) and 
HVLT-R Delayed score r = .665, p < .001), suggesting a potential common underlying 
cognitive construct. Furthermore, both of these tasks were significantly correlated with 
aphasia therapy gains. Of the two tasks, however, only performance on the HVLT-R 
emerged as an independent predictor of therapy outcomes, when taking into consideration 
individuals’ language and cognitive abilities. This finding suggests that activation of 
existing lexical-semantic representations may be more consistent with the mechanisms of 
how anomia therapy works as opposed to the learning of new associations. It is important 
to acknowledge, however, that the task demands of the HVLT-R included spoken word 
production and this is consistent with the method of outcome measurement for anomia 
therapy (i.e., confrontation naming). In contrast, participants’ novel word learning ability 
was measured using a receptive recognition task. As such, the difference in task demands 
may also account for the seemingly stronger relationship between anomia therapy gains 
and performance on the HVLT-R. The findings of this thesis provide additional support for 
the relationship between verbal learning, short-term memory and word learning (e.g., 
Baddeley et al., 1998; Gathercole, 1999; Martin & Gupta, 2004). Furthermore, these 
findings suggest that the cognitive mechanisms supporting the learning and recall of verbal 
information (both novel and familiar verbal information) may also support the acquisition 
and maintenance of aphasia therapy gains.   
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7.1.4 Massed versus Distributed Learning 
The cognitive psychology literature provides extensive evidence to support the distributed 
practice effect. This effect has been demonstrated across a range of simple and complex 
motor tasks (Dail & Christina, 2004; Mackay et al., 2002; Moulton et al., 2006); 
furthermore, key evidence for the distributed practice effect has been observed in the 
learning of verbal information (Cepeda et al., 2006). With respect to measures of language 
impairment, the study reported in Chapter Three found that a distributed therapy schedule 
resulted in superior therapy outcomes on the Boston Naming Test compared with intensive 
therapy; providing further support for the benefit of distributed training. In Chapter Four, 
although there was a trend favouring distributed training with respect to the maintenance 
and generalisation of therapy gains, these findings did not reach significance.  Together, 
these results suggest that a distributed therapy schedule results in comparable, if not 
superior, therapy outcomes for anomia in adults with aphasia.  
 
The distributed practice effect suggests that optimal long-term learning is achieved with 
distributed training; however, clinical studies in aphasia rehabilitation indicate that some 
individuals demonstrate a strong preference for intensive therapy (Ramsberger & Marie, 
2007; Sage et al., 2011). Furthermore, studies suggest that task complexity and personal 
characteristics may also influence the relationship between training schedule and learning 
outcomes (Donovan & Radosevich, 1999). Specifically, there is some evidence that 
individuals with impaired memory and learning may benefit from distributed training (Camp 
et al., 1996). Consideration of individuals’ neuropsychological profile may therefore provide 
important information about their optimal learning approach. However, closer inspection of 
individual participant data reported in Chapter Six revealed no clear pattern with respect to 
cognitive ability and treatment response to intensive versus distributed aphasia therapy. 
Individuals with impaired memory and learning performance (i.e., performed within the 
lowest quartile on the HVLT-R and BVMT-R) demonstrated a variable response to Aphasia 
LIFT, regardless of treatment intensity. As such, individual differences in cognitive ability 
did not appear to dictate a preferential response to intensive versus distributed therapy in 
this cohort.  
 
7.1.5 Maintenance of Treatment Effects  
The ultimate goal of aphasia rehabilitation is to facilitate enduring changes to individuals’ 
language and communication. Although the maintenance of therapy gains is an essential 
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target of aphasia rehabilitation, few studies have specifically investigated which factors 
support the long-term maintenance of treatment gains. Consequently, in the present body 
of research, the effect of key treatment parameters (i.e., therapy intensity) as well as 
participant characteristics (i.e., novel word learning and cognitive ability) on the long-term 
maintenance of therapy outcomes for anomia were considered.  
 
The distributed practice effect provides one account for the influence of training schedule 
on the maintenance of learning gains (See Chapter Two for a discussion of the proposed 
mechanisms and theories accounting for the distributed practice effect). The study 
reported in Chapter Three found a significant advantage for the distributed therapy 
condition compared with the intensive therapy condition with respect to the maintenance of 
anomia therapy gains, as measured using the BNT. Furthermore, the study reported in 
Chapter Four found a trend favouring the maintenance of naming gains for treated items 
for D-LIFT compared with LIFT; however, this result was not significant. Consequently, 
treatment intensity appears to be an important consideration in the maintenance of 
aphasia therapy gains.  
 
The influence of individuals’ cognitive and verbal learning profiles on the maintenance of 
anomia therapy gains was also considered. The study reported in Chapter Five found that 
performance on the novel word learning task significantly correlated with therapy gains at 
post-therapy but not at 1 month follow-up. This study involved a paired-associated learning 
trial followed directly by a recall and recognition test. It did not incorporate a delayed recall 
or recognition test or a follow-up assessment. As such, it is possible that the cognitive 
mechanism being tested more closely reflected the acquisition of verbal information and 
not the maintenance and consolidation of learning gains. This would account for the 
finding that novel word learning ability correlated with therapy gains at post-therapy but not 
at 1 month follow-up.  
 
Consistent with the findings from Chapter Five, the study reported in Chapter Six found 
that cognitive measures of short-term memory further differentiated between the 
acquisition versus maintenance of anomia therapy gains. Immediate-recall measures for 
verbal and visuo-spatial information correlated most strongly with therapy outcomes for 
anomia at post-therapy. In contrast, delayed recall measures for verbal and visuo-spatial 
information correlated most strongly with the maintenance of anomia therapy gains. Dail 
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and Christina (2004) suggest that the rate of acquisition of learning is not necessarily a 
significant indicator of long-term learning success. As such, the findings reported in 
Chapter Six suggest that performance after a brief delay on a measure of short-term 
memory may provide critical information about individuals’ long-term learning capacity. 
Consideration of individuals’ short-term memory and learning abilities (including a delayed 
measure) prior to commencing therapy, may therefore help to provide realistic 
expectations concerning the maintenance of therapy gains.  
 
7.1.6 Generalisation of Treatment Effects 
There is evidence supporting the remediation of word retrieval deficits in aphasia 
rehabilitation (Nickels, 2002a; Nickels & Best, 1996b; Wisenburn & Mahoney, 2009). 
However, research suggests that therapy-induced recovery is often limited to trained items 
and that the generalisation of therapy gains to untreated items is less common (Best et al., 
2013). Data presented in the current thesis indicate that generalisation of word retrieval to 
untreated items occurred for a small number of participants (Chapter Four). In addition, 
there was a trend favouring the generalisation of naming to untreated items for the D-LIFT 
condition. Possible mechanisms for this trend were discussed in Chapter Four, including 
the distributed learning of word retrieval strategies versus improved naming as a result of 
exposure to the untreated stimuli during probe assessments. The study reported in 
Chapter Six provides further insight into the cognitive mechanisms supporting 
generalisation to untreated items. This study found that measures of verbal and visuo-
spatial short-term memory correlated with therapy gains for untreated items; whereas 
measures of executive function did not. As such, it is suggested that improved word 
retrieval for untreated items was the result of exposure to these items during confrontation 
naming probes. Individuals with superior short-term memory abilities were able to recall 
exposures to these probes and as such, demonstrated improved naming for untreated 
items. 
 
This explanation also accounts for the observed trend favouring generalisation to 
untreated items in the distributed therapy condition. The literature review in Chapter Two 
discussed some of the different theories proposed to account for the distributed practice 
effect. Sage et al. (2011) used learning algorithms to account for the benefit of distributed 
training in anomia rehabilitation. The authors suggest that the rate of learning is governed 
by the difference between the current state and the optimal state and that where this 
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difference is large, learning is enhanced. Furthermore, Sage et al. (2011) suggest that the 
difference between the current state and the optimal state is influenced by priming. In 
Aphasia LIFT confrontation naming probes were conducted after 3 hours of impairment 
therapy. For the LIFT group, naming probes were conducted approximately every 3 days 
during therapy. It is hypothesised that for this group, activation of the untreated stimuli 
remained high between the administration of probes, because of the residual effects of 
priming (Cave, 1997; Heath et al., 2012; MacDonald et al., 2015). Consequently the 
difference between the current and optimal state was reduced and learning was limited. In 
contrast, naming probes were administered approximately every 2 weeks for the D-LIFT 
group. Due to the increased time between presentations, it is suggested that priming 
effects had decayed, resulting in a greater difference between the current and optimal 
state and thus facilitating learning.  
 
Together these findings suggest that improved naming of untreated items was the result of 
repeated exposure to the stimuli during naming probes and not the result of generalisation 
of word retrieval skills. Support for this hypothesis is further provided by the cognitive data, 
which indicates that naming gains for untreated items was correlated with (delayed) short-
term memory measures. In addition, a trend favouring the naming of untreated items for 
the distributed therapy condition was found. It is argued that this trend is the result of 
distributed exposure to the untreated items during naming probes, consistent with the 
distributed practice effect. 
 
7.2 Implications of Research Findings 
7.2.1 Treatment Intensity 
Within the aphasia rehabilitation literature there is much support for the provision of 
intensive services (Basso, 2005; Bhogal, Teasell, Foley, et al., 2003; Bhogal, Teasell, & 
Speechley, 2003). Increasingly, clinical guidelines and best practice statements advocate 
for the provision of intensive stroke rehabilitation (Duncan et al., 2005; Foley, McClure, et 
al., 2012; Hacke et al., 2008; Intercollegiate Stroke Working Party., 2012; Lindsay et al., 
2013; National Stroke Foundation., 2010). However, the results of this thesis suggest that 
it is important to avoid assumptions that intensive aphasia therapy is superior for all 
individuals. With respect to aphasia rehabilitation, the Cochrane Review conducted by 
Brady et al. (2012) found that significantly more individuals withdrew from intensive 
therapy compared with non-intensive therapy. There is evidence that the clinical and 
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demographic profiles of individuals with aphasia are different to the non-aphasic stroke 
population, in that individuals with aphasia are frequently older, experience more severe 
strokes and suffer multiple comorbidities (Bersano et al., 2009; Ellis et al., 2012). As such, 
intensive services may not be clinically suitable for all individuals with aphasia. The results 
of the studies reported in Chapter Three and Chapter Four indicate that a distributed 
therapy model did not reduce the efficacy of Aphasia LIFT. Consequently, a distributed 
therapy model may be more clinically suitable for some individuals with aphasia. 
Consideration of the clinical suitability and eligibility of individuals with aphasia to 
participate in intensive versus distributed therapy warrants further investigation.  
 
With respect to service delivery models in aphasia rehabilitation, a number of barriers to 
the provision of intensive services have been identified (Babbitt et al., 2013; Legh-Smith et 
al., 1987; Rose, Ferguson, Power, Togher, & Worrall, 2013; Verna, Davidson, & Rose, 
2009). Despite expressing an interest in providing more intensive therapy services, speech 
pathologists report they are frequently unable to do so because of staffing limitations, 
service restrictions, and increased caseload demands (Rose, Ferguson, et al., 2013). 
Consequently, a distributed therapy model, such as that provided in the current research, 
may be more feasible to implement in clinical practice than a highly intensive therapy 
model. The feasibility and cost-effectiveness of intensive versus distributed aphasia 
therapy models should be considered in future research.  
 
7.2.2 Verbal Learning  
The relationship between lexical-semantic processing, verbal short-term memory (i.e., 
forward digit span, nonword repetition) and verbal learning (i.e., novel word learning, 
verbal list-learning) has previously been considered (Gupta, 2003; Martin & Gupta, 2004). 
The present research found that lexical-semantic processing and a measure of verbal 
short-term memory and learning, the HVLT-R, significantly predicted therapy gains for 
treated items at post-therapy. In contrast, only lexical-semantic processing predicted 
therapy gains for treated items at 1 month follow-up. However, a greater understanding of 
the mechanisms underlying these abilities is necessary to inform models of verbal 
learning. Intact lexical-semantics has been linked to superior verbal learning and long-term 
benefits of anomia treatment (Martin et al., 2006). As such, a greater understanding of the 
relationship between these abilities and aphasia therapy outcomes may also help to 
develop more effective treatment techniques for aphasia rehabilitation.  
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The study reported in Chapter Five assessed individuals’ verbal learning abilities using a 
novel word learning paradigm. This is the first group-level study to systematically 
investigate the relationship between novel word learning ability and anomia therapy 
success. However, the mechanisms underlying the acquisition of novel lexical-semantic 
representations and how these mechanisms may relate to alternative verbal learning 
tasks, such as verbal list-learning, remain unknown. This thesis has demonstrated a 
relationship between verbal learning, as measured using a novel word learning task, 
performance on a verbal list-learning task, and anomia therapy outcomes. However, 
further investigations are required to delineate the nature of this relationship and to 
determine the mechanisms supporting verbal learning and the recovery of language. This 
research may serve to advance aphasia rehabilitation practices and optimise therapy 
outcomes.  
 
7.2.3 Cognition 
van de Sandt-Koenderman et al. (2008) argue that linguistic assessment alone is 
insufficient to inform aphasia rehabilitation and that careful consideration of individuals’ 
cognitive profiles is also required.  Although impairment-based measures are frequently 
utilised in the clinical assessment of aphasia (Katz et al., 2000; Verna et al., 2009), data 
regarding the clinical administration of cognitive assessments in aphasia management are 
limited. The findings of this thesis provide additional support for the consideration of 
individuals’ cognitive abilities in the clinical management of aphasia. The results suggest 
that an understanding of individuals’ cognitive abilities may provide valuable information 
about ones’ potential for recovery and suitability for linguistic-based treatment. In 
particular, participants’ verbal short-term memory and learning ability, measured using the 
HVLT-R, was found to be a significant predictor of anomia therapy gains for both treated 
and untreated items. A comprehensive evaluation of individuals’ cognitive abilities, 
including a measure of verbal short-term memory and learning, may therefore provide 
valuable information about individuals’ learning ability and capacity for aphasia 
rehabilitation. From a research perspective, assessment of individuals’ cognitive abilities 
across cognitive domains was considered important in order to identify the relative 
influence of cognitive skills on anomia therapy outcomes. As such, a comprehensive 
cognitive assessment battery, including measures of attention (sustained and selective), 
short-term memory (verbal and visuo-spatial), working memory and executive function was 
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administered. Clinically, our results indicate that of the comprehensive cognitive 
assessments administered, the HVLT-R appears to provide a useful predictive measure of 
treatment response for anomia rehabilitation.  
 
7.2.4 Generalisation of Treatment Effects  
Generalisation is often a goal of aphasia intervention. However, the results of the present 
research, which are consistent with previous reports in the literature, suggest that 
generalisation to untrained items is not common. As such, it is important that items treated 
in aphasia therapy are salient and meaningful to the person with aphasia (Renvall, Nickels, 
& Davidson, 2013). Webster, Whitworth, and Morris (2015) propose a framework with 
which to measure the generalisation of linguistic functions at the word, sentence and 
connected speech level of production.  This framework distinguishes between within-level 
generalisation, where improvement to untreated stimuli at the same linguistic level as the 
focus of treatment is achieved and across-level generalisation, where improvements occur 
at a different linguistic level to the focus of treatment. The present thesis considered the 
within-level generalisation of single word retrieval (i.e., confrontation naming of treated and 
untreated items). However, further research to consider across-level generalisation is 
required in order to determine the ecological relevance of intervention. For example, future 
research to consider the effect of Aphasia LIFT on the generalisation of word retrieval to 
sentence-level production and connected speech is warranted. Furthermore, in view of the 
limited within-level generalisation observed in the present research, further research to 
establish facilitators of both within and across-level generalisation is required in order to 
optimise treatment effects.    
 
Aphasia LIFT is a complex behavioural treatment, which targets participants’ language 
impairment and communication functioning across WHO-ICF domains. The present 
research considered the generalisation of word retrieval skills in response to Aphasia LIFT 
using an impairment-based measure of confrontation naming. However, additional 
research investigating the generalisation of functional-communication therapy gains at the 
activity and participation level is also warranted. Hula et al. (2013) considered the 
complexity of outcome measurement and the challenges in establishing generalisation in 
response to ICAPs. In view of the comprehensive nature of this treatment, further 
consideration of the generalisation of individual treatment components across the WHO-
ICF model is necessary.  
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7.3 Limitations and Future Considerations 
A key aim of this research was to evaluate the effect of treatment intensity on language 
and communication outcomes in adults with aphasia. In order to evaluate the role of 
treatment intensity, a parallel-group pre-post-test design was employed. This design 
enabled clear comparison of the effect of intensive versus distributed aphasia therapy at 
the group level and was not influenced by potential carry-over effects or a period effect, as 
may result from a repeated measures cross-over design. However, participants were 
allocated to treatment group based on convenience and it is acknowledged that this is a 
limitation of the present study. To date, a small number of Phase I/II studies have been 
conducted to investigate the effect of dosage-controlled treatment intensity; however, 
sufficiently powered, well-designed, randomised controlled trials investigating the effect of 
treatment intensity on communication outcomes, whilst controlling for therapy dosage, are 
lacking. Consequently, it is recommended that future research employ the use of a 
randomised controlled trial design to further investigate the effect of dosage-controlled, 
treatment intensity on communication outcomes in adults with aphasia. This research will 
contribute important Level III/IV evidence regarding the role of treatment intensity and may 
be used to inform clinical guidelines and promote best-practice aphasia rehabilitation 
(Robey & Schultz, 1998; Whyte et al., 2009).   
The use of a parallel-group pre-post-test design also enabled clear consideration of the 
maintenance of treatment effects. As the scheduling of aphasia therapy, with regards to 
treatment intensity, is thought to influence the maintenance of treatment gains, this design 
was an important methodological consideration. In a review of the anomia literature, 
Wisenburn and Mahoney (2009) found that treatment gains were frequently maintained at 
1 month follow-up; however, there was often a significant reduction in naming accuracy 
between 1 and 3 months post-therapy. In the present study, the maintenance of therapy 
gains was measured at 1 month follow-up. Consequently, it is important that future 
research extends the collection of maintenance data to consider the long term effects of 
therapy, for example at 3 to 6 months post-therapy.  
 
The studies reported in Chapter Three and Chapter Four investigated the effect of 
treatment intensity on language and communication outcomes. The intensive therapy 
condition received 16 h per week for 3 weeks whereas the distributed therapy condition 
received 6 h per week for 8 weeks. Whilst these studies compared the therapeutic 
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outcomes of two levels of treatment intensity, it is important to acknowledge that both 
treatment models may be considered intensive compared with usual care. A survey of 
clinical speech pathology practice in Australia revealed that adults with aphasia typically 
receive 2.08 hours of out-patient or 1.7 hours of community-based aphasia intervention 
per week (Verna et al., 2009). This intensity is considerably less that the distributed 
therapy schedule employed in the present research. As such, further research 
investigating the influence of treatment intensity, when delivered at an even lower 
intensity, more consistent with that of usual care, is required.  
 
The study reported in Chapter Four of this thesis evaluated the efficacy of Aphasia LIFT on 
naming accuracy of 30 treated and 30 untreated items. Whilst confrontation naming gains 
for treated and untreated items were maintained significantly above baseline performance 
at 1 month follow-up, there was a significant reduction in naming accuracy between post-
therapy and 1month follow-up. Learning theory outlines factors thought to influence the 
long-term maintenance of learning outcomes in healthy adults, including; distribution and 
variability of training, overlearning and retrieval practice (Pashler et al., 2007). 
Consequently, it is important that future research continues to investigate the effect of 
these variables on treatment outcomes in order to optimise the maintenance of treatment-
induced language and communication gains in adults with aphasia.  
 
The efficacy of Aphasia LIFT was evaluated using a sample of 34 adults with aphasia. Of 
the 32 participants who completed the therapy program, 16 participants were allocated to 
the intensive therapy condition and 16 participants were allocated to the distributed 
therapy condition. To date, this is the largest dosage-controlled study to investigate 
treatment intensity in adults with chronic aphasia. However, it is possible that this study 
was still underpowered to detect differences between the two treatment conditions on 
some therapy outcomes at post-therapy and 1 month follow-up. Both treatment groups 
made significant gains in confrontation naming accuracy for treated and untreated items at 
post-therapy and 1 month follow-up. At the individual level there was a trend favouring the 
maintenance and generalisation of therapy gains for D-LIFT; however, at the group level 
these results did not reach significance. It is possible that the present sample size was 
insufficient to detect a difference between these two treatment conditions. Consequently, 
further research investigating the trends observed at an individual level in a larger sample 
of participants is warranted.  
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The cognitive mechanisms associated with improved naming for treated and untreated 
items were evaluated in Chapter Six. Measures of verbal and visuo-spatial short-term 
memory were found to significantly correlate with naming gains for untreated items. 
Howard et al. (2014) suggest that exposure to untreated stimuli may inadvertently result in 
improved confrontation naming for those items. As such, improved naming for untreated 
stimuli in the present study may be the result of exposure during the administration of 
naming probes rather than the generalisation of underlying word retrieval skills. Howard et 
al. (2014) advocate for the random allocation of stimuli into three sets in anomia treatment 
research: 1) treated items; 2) untreated items probed as frequently as treated items; and 
3) untreated items presented only at pre-therapy and post-therapy. The inclusion of the 
third stimuli set controls for the potential confounds of exposure to untreated stimuli and 
provides a more accurate indication of the generalisation of treatment effects. 
Consequently, it is recommended that future studies of anomia intervention employ the 
use of three stimuli sets, consistent with Howard et al. (2014), in order further delineate the 
effects of treatment and generalisation on word retrieval skills.  
 
The study reported in Chapter Three sought to evaluate the efficacy of Aphasia LIFT 
across the impairment, activity and participation levels of the World Health Organisations’ 
ICF model (World Health Organization., 2001). Individuals’ communication activity and 
participation were measured using a validated, proxy-rated measure, the Communicative 
Effectiveness Index (Lomas et al., 1989). Furthermore, participants’ communication 
participation was assessed using a self-report measure, the Assessment of Living with 
Aphasia (Kagan et al., 2010). Whilst it is important to consider the person with aphasia and 
their communication-partners’ perspectives in outcome measurement for aphasia 
rehabilitation (Kagan et al., 2008), these outcomes may also be subject to Hawthorne 
effects or a placebo effect. The use of a performance based measure of communication 
activity / participation, such as the Communication Activities of Daily Living – Second 
Edition (CADL-2; Holland, Frattali, & Fromm, 1999), may address the limitations of proxy-
rated and self-report data and provide an ecologically valid measure of participants’ 
functional communication. Consequently, the inclusion of a performance-based measure 
of communication activity / participation in future research is recommended.      
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The study reported in Chapter Four evaluated participants’ language profiles and 
hypothesised as to individuals’ predominant locus of language breakdown. Participants 
were categorised as having a semantic processing impairment, a phonological processing 
impairment or a deficit in mapping semantics to phonology. We found that individuals with 
semantic processing impairments demonstrated a mixed response to therapy, with five out 
of 10 participants making a significant improvement in naming of treated items at post-
therapy and 1 month follow-up. Further consideration of the potential differences between 
individuals with semantic processing impairments who did and did not respond to therapy 
is therefore an important consideration for future research. Specifically, it is suggested that 
future research consider the cognitive profiles of individuals with semantic processing 
impairments to determine if cognitive ability may account for the variable treatment 
response. As impaired semantic processing is frequently identified in individuals with 
aphasia (Laine & Martin, 2006), this research may help to identify who from this clinical 
population will benefit from anomia intervention. 
 
It is acknowledged that there are inherent limitations in categorising participants with 
aphasia according to their locus of breakdown because of the heterogeneity of language 
impairments. In Chapter Four participants were classified into groups based on their 
performance on the CAT and a detailed error analysis of performance on the baseline 
confrontation naming assessment. In future research it would be beneficial to complete a 
more comprehensive psycholinguistic assessment of individuals’ language skills, including 
a more detailed assessment of phonological (e.g., nonword repetition; Kay, Lesser, & 
Coltheart, 1996) and semantic processing (e.g., Pyramids and palm trees; Howard & 
Patterson, 1992). A more detailed psycholinguistic assessment would provide valuable 
information about individuals’ language processing skills and how this may influence 
treatment success. This research is necessary from a theoretical perspective in order to 
better understand the influence of language processing impairments, according to a 
neuropsychological model of language processing, on the recovery of language function.  
The result of such information might also allow clinicians to be more targeted in selecting 
the most appropriate treatment for people with aphasia. Clinically, the present study has 
demonstrated that a basic measure of lexical-semantic function, obtained from the auditory 
and written word comprehension subtests from the CAT, was predictive of anomia 
treatment response. This finding suggests that in clinical practice there may be less utility 
in identifying the level of breakdown in language processing when predicting treatment 
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response. Instead, a simple and efficient measure of lexical-semantic processing, such as 
the CAT subtests utilised in the present study, may provide a clinically useful predictor of 
treatment outcome. From a client perspective, the administration of a comprehensive 
language (and cognitive) assessment battery in the present research provided participants 
with more in-depth information regarding their aphasia. In clinical practice, the 
administration of key language and cognitive measures, as identified in this research (i.e., 
lexical-semantic processing, verbal short-term memory) may also be beneficial in helping 
individuals to better understand their aphasia.  
Finally, the study reported in Chapter Five assessed individuals’ verbal learning abilities 
using a novel word learning paradigm. This was an exploratory group study and was the 
first to systematically investigate the relationship between novel word learning ability and 
therapy outcomes for anomia. Novel word learning ability was measured using a 
recognition and recall task. However, consideration of alternative methods of assessing 
learning, such as the use of phonemic cueing in the recall of novel words and/or inhibition 
priming, which provides a measure of lexical consolidation (Gaskell & Dumay, 2003), 
should be considered in the future. Furthermore, this study considered the relationship 
between participants’ novel word learning ability and verbal short-term memory. Whilst 
measures of participants’ verbal short-term memory were obtained from the CAT (e.g., 
nonword repetition and digit span) it is suggested that a more comprehensive assessment 
of these measures be undertaken in future research.  
 
In view of the influence of training schedule on learning outcomes, it would also be of 
interest to investigate the effect of training intensity (i.e., massed versus distributed) on 
novel word learning outcomes. The training schedule for the novel word learning task was 
consistent for LIFT and D-LIFT and included three learning sessions delivered over 7 
days. As such, this design does not provide information about the influence of training 
intensity on novel word learning outcomes. Assessment of novel word learning ability, 
manipulating the distribution of training, is an important direction for future research. 
Furthermore, it would be of interest to determine if participants’ performance on an 
intensive versus distributed novel word learning task influenced therapy outcomes for an 
intensive versus distributed model of Aphasia LIFT.  
 
151 
 
7.4 Overall Conclusions 
The present research revealed that both intensive and distributed therapy models resulted 
in significant improvements on measures of individuals’ language impairment and 
functional communication. Furthermore, participants’ language, verbal learning and 
cognitive abilities were found to influence their response to therapy. It is anticipated that 
these findings will have direct implications for clinical practice. Despite increased support 
for the delivery of intensive services, this research found that a distributed therapy model 
did not reduce the efficacy of Aphasia LIFT. As such, provision of intensive versus 
distributed aphasia services should be considered in conjunction with the clinical needs of 
the person with aphasia. Furthermore, the findings of this thesis suggest that in addition to 
individuals’ language profiles, individuals’ verbal learning and cognitive abilities have 
implications for clinical outcomes and consequently, require consideration in the clinical 
management of aphasia.   
 
A greater understanding of the clinical characteristics and treatment parameters that affect 
therapy outcomes is required in order to optimise treatment success. It is important that 
clinicians have a thorough understanding of what is to be treated in aphasia therapy, but 
also of how treatment is best delivered and for whom. As such, researchers have called for 
a theory of rehabilitation which considers the nature of damage to the cognitive system, 
the characteristics of the individual and the dimensions of the treatment process. A 
detailed understanding of these variables is required in order to understand how they may 
affect treatment response. This thesis explored the influence of individual participant 
characteristics, including demographic, language and cognitive variables, and treatment 
intensity on aphasia therapy outcomes. The findings of this thesis help to provide further 
insight into the mechanisms that support the treatment-induced recovery of aphasia and 
consequently, this research makes an important contribution towards the development of a 
theory of therapy.  
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Appendix C. Documentation of ethics approval. 
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 Prince of Wales Hospital, Randwick NSW 2031 
 War Memorial Hospital, Waverley NSW 2024 
 St George Hospital, Kogorah NSW 2217 
 Sutherland Hospital, Carringbah NSW 2229 
 Royal Rehabilitation Centre Sydney, Ryde NSW 2112 
 The Royal Brisbane and Women’s Hospital, Herston QLD 4029 
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Appendix D. Sample characteristics for individual participants.  
ID Group Age Sex Handedness Stroke TPO Stroke Site Occupation 
P1 LIFT1 54 M Right Haemorrhagic 20 Left Sales manager 
P2 LIFT1 70 M Right Thromboembolic 33 Left Business owner 
P3 LIFT1 51 M Right Thromboembolic 9 Left Accountant 
P4 LIFT1 57 M Right Thromboembolic 66 Left Film maker 
P5 LIFT1 50 M Right Thromboembolic 126 Left Maintenance business 
P6 LIFT1 70 M Right Not Available 52 Left Hospitality  
P7 LIFT2 47 M Right Not Available 24 Left Engineer 
P8 LIFT2 41 M Right Thromboembolic 29 Left Engineer 
P9 LIFT2 68 M Right Thromboembolic 135 Left Sales representative 
P10 LIFT2 41 F Right Haemorrhagic 16 Left Nurse 
P11 LIFT2 66 M Right Thromboembolic 161 Left Bus driver 
P12 LIFT3 52 M Right Thromboembolic 22 Left Psychologist 
P13 LIFT3 54 M Right Thromboembolic 11 Left Training officer 
P14 LIFT3 66 M Left Thromboembolic 34 Left Accountant 
P15 LIFT3 52 M Right Thromboembolic 9 Left Engineer 
P16 LIFT3 71 F Right Thromboembolic 9 Left Nurse 
P17 D-LIFT1 76 M Right Thromboembolic 13 Left Banker 
P18 D-LIFT1 47 M Left Thromboembolic 9 Left Arborist 
P19 D-LIFT1 62 F Right Haemorrhagic 38 Left Shop keeper 
P20 D-LIFT2 71 M Left Thromboembolic 17 Left Milkman  
P21 D-LIFT2 64 M Right Not Available 225 Left Engineer 
P22 D-LIFT2 55 M Right Thromboembolic 23 Left Chef 
P23 D-LIFT3 59 M Right Thromboembolic 16 Left Carpet layer 
P24 D-LIFT3 52 M Right Haemorrhagic 19 Left Handyman  
P25 D-LIFT3 56 M Right Thromboembolic 13 Left Professor radiology 
P26 D-LIFT4 69 M Right Thromboembolic 82 Left Financial advisor 
P27 D-LIFT4 35 M Right Haemorrhagic 8 Left IT Consultant 
P28 D-LIFT5 58 M Right Thromboembolic 16 Left Salesman 
P29
*
 D-LIFT5 54 M Right Thromboembolic 21 Left Mining supervisor 
P30 D-LIFT6 43 M Right Thromboembolic 14 Left Quarantine inspector 
P31
*
 D-LIFT6 77 F Right Thromboembolic 4 Left Home duties 
P32 D-LIFT7 72 M Right Thromboembolic 22 Left Professor sociology 
P33 D-LIFT8 59 F Right Thromboembolic 12 Left Administration assistant 
P34 D-LIFT8 71 F Right Thromboembolic 7 Left Hospitality  
Note. ID = Participant identification number; TPO = Time post onset; LIFT = Intensive therapy condition; D-LIFT = Distributed therapy condition; 
*
Participant withdrew 
from study. 
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Appendix E. Cumulative treatment intensity for impairment-based therapy. 
Dosage Terms* Term Definitions Term Values P 
value 
  LIFT D-LIFT  
Dose Form The therapeutic activity or task 
in which a teaching episode 
occurs.  
Picture naming. Active 
ingredients = SFA and PCA  
 
 
 
Dose: Mean (SD) The number of therapeutic 
inputs (i.e., number of words 
treated using SFA/PCA cycle) 
per session. 
 
8.5 (1.6) 8.2 (2.0) .65 
Session Duration The duration of each 
intervention session in minutes. 
 
60 minutes 60 minutes  
Session 
Frequency 
The number of intervention 
sessions per unit time. 
4-5 x per 
week  
(total 14) 
1-2 x per 
week 
(total 14) 
 
 
Total Intervention 
Duration 
The total period of time in which 
a particular intervention is 
provided. 
 
3 weeks 8 weeks  
Cumulative 
Intervention 
Intensity: Mean 
(SD)  
The product of dose x dose 
frequency x total intervention 
duration. 
118.3 (22.6) 114.3 (28.6) .66 
Note. * Dosage terms proposed by Warren et al. (2007). SFA = Semantic Feature Analysis; PCA = 
Phonological Component Analysis. 
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Appendix F. Mean scores for primary and secondary outcome measures for Aphasia LIFT at pre-
therapy, post-therapy and follow-up 
Outcome 
Measure 
Pre-therapy 
Mean (SD) 
Post-Therapy 
Mean (SD) 
Follow-up 
Mean (SD) 
LIFT  
BNT 
CETI 
CCRSA 
ALA 
BNT*  
CETI† 
 
23.4 (18.1) 
41.0 (18.7) 
66.4 (15.5) 
100.0 (18.1) 
5.4 (1.7) 
6.3 (1.3) 
 
26.6 (18.0) 
55.5 (17.8) 
74.8 (15.0) 
108.9 (19.3) 
5.1 (1.7) 
7.4 (1.2) 
 
26.1 (18.6) 
57.7 (17.3) 
76.6 (16.0) 
111.5 (18.4) 
5.1 (1.8) 
7.5 (1.2) 
D-LIFT  
BNT 
CETI 
CCRSA 
ALA 
BNT* 
CETI† 
 
25.9 (16.6) 
48.2 (11.7) 
64.1 (15.5) 
97.1 (17.2) 
5.2 (1.6) 
6.9 (0.9) 
 
31.4 (17.4) 
70.2 (12.3) 
74.2 (14.5) 
112.2 (18.2) 
4.5 (1.9) 
8.3 (0.8) 
 
32.9 (17.6) 
70.3 (13.8) 
77.8 (15.7) 
111.2 (20.5) 
4.3 (2.0) 
8.3 (0.8) 
Note. LIFT = Intensive therapy condition; D-LIFT = Distributed therapy condition; BNT = Boston Naming 
Test; CCRSA = Communication Confidence Rating Scale for Aphasia; CETI = Communication Effectiveness 
Index; ALA = Assessment of Living with Aphasia; 
*
Reflect and square root transformation; 
†
Square root 
transformation. 
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Appendix G. Individual participant language profiles at pre-therapy assessment. 
ID Group CAT 
Spoken 
Comp 
(56) 
CAT 
Written 
Comp    
(59) 
CAT 
Repetition 
(59) 
CAT 
Naming 
(62) 
CAT 
Reading 
(57) 
CAT 
Writing 
(57) 
CAT 
Severity 
(62.9) 
Mean 
Baseline 
Naming 
(309) 
Locus of 
Break-
down 
1 LIFT 61 65 66 60 59 61 61.6 204.7 SS-POL 
2 LIFT 59 55 56 53 51 52 53.7 109.7 SS-POL 
3 LIFT 51 47 45 43 47 48 46.8 20.3 SS-POL 
4 LIFT 46 46 43 35 42 49 45.1 5.3 SS 
5 LIFT 44 31 56 46 42 42 43.5 55.3 SS 
6 LIFT 59 56 53 55 55 56 54.9 118.0 SS-POL 
7 LIFT 53 60 58 57 54 58 57.1 103.3 SS-POL 
8 LIFT 55 57 52 62 50 60 56.8 216.3 SS-POL 
9 LIFT 60 51 53 55 46 49 53.5 217.3 SS-POL 
10 LIFT 46 41 45 42 44 44 43.9 30.0 SS 
11 LIFT 44 43 47 54 49 48 48.5 110.0 SS-POL 
12 LIFT 57 53 61 60 57 62 59.1 219.0 SS-POL 
13 LIFT 50 48 48 47 38 47 45.8 32.0 SS 
14 LIFT 50 51 54 57 50 49 52.0 140.3 SS 
15 LIFT 61 57 72 59 56 56 60.5 148.7 SS-POL 
16 LIFT 41 46 39 40 46 48 43.5 3.0 SS 
17 D-LIFT 30 35 46 47 46 39 40.5 34.3 SS 
18 D-LIFT 63 63 45 56 50 57 54.3 156.7 POL 
19 D-LIFT 36 51 42 43 45 50 45.9 16.3 POL 
20 D-LIFT 45 45 46 49 53 45 48.4 43.0 SS 
21 D-LIFT 56 50 51 56 50 52 52.8 161.7 SS-POL 
22 D-LIFT 56 51 52 55 51 47 50.4 205.3 SS-POL 
23 D-LIFT 51 37 72 50 46 51 51.4 78.0 SS-POL 
24 D-LIFT 61 58 57 53 54 58 56.2 157.7 SS-POL 
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ID Group CAT 
Spoken 
Comp 
(56) 
CAT 
Written 
Comp    
(59) 
CAT 
Repetition 
(59) 
CAT 
Naming 
(62) 
CAT 
Reading 
(57) 
CAT 
Writing 
(57) 
CAT 
Severity 
(62.9) 
Mean 
Baseline 
Naming 
(309) 
Locus of 
Break-
down 
25 D-LIFT 50 53 49 54 48 51 50.9 169.0 SS-POL 
26 D-LIFT 56 52 52 55 53 50 52.1 153.7 SS-POL 
27 D-LIFT 50 46 60 48 50 54 51.1 45.0 SS-POL 
28 D-LIFT 60 62 53 54 48 54 54.6 124.7 POL 
29 D-LIFT 62 62 53 59 50 65 60.6 268.0 SS-POL 
30 D-LIFT 60 56 59 58 53 57 55.6 206.7 SS-POL 
31 D-LIFT 58 56 52 56 47 69 56.2 181.7 POL 
32 D-LIFT 45 48 48 53 49 48 46.5 104.7 SS 
33 D-LIFT 59 57 60 64 66 69 63.0 227.0 SS-POL 
34 D-LIFT 48 54 47 52 48 49 50.9 122.3 SS 
Note. ID = participant identification number; LIFT = Intensive therapy condition; D-LIFT = Distributed therapy condition; (score) = cut-off for non-aphasic 
performance; Bold = scores above cut-off; SS = Semantic impairment; POL = Phonological impairment; SS-POL = impairment in mapping semantics to phonology.   
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Appendix H. Sample characteristics for individual participants.  
ID Group Gender Age TPO Handedness Education Occupation 
1 LIFT M 54 20 Right High school (Year 10) Sales manager 
2 LIFT M 70 33 Right High school Business owner 
3 LIFT M 51 9 Right Post-graduate degree Accountant 
4 LIFT M 57 66 Right TAFE Certificate Film maker 
5 LIFT M 41 29 Right Undergraduate degree Engineer 
6 LIFT M 68 135 Right Primary / Middle school  Sales representative 
7 LIFT F 41 16 Right Undergraduate degree Nurse 
8 LIFT M 66 161 Right High school (Year 10) Bus driver 
9 LIFT M 54 11 Right Trade / Apprenticeship Training officer 
10 LIFT M 66 34 Right TAFE Diploma Accountant 
11 LIFT M 52 9 Right Undergraduate degree Engineer 
12 LIFT F 71 9 Right Diploma Nurse 
13 LIFT F 64 70 Right High school Cleaning business 
14 D-LIFT M 76 13 Left High school Banker 
15 D-LIFT M 47 9 Right TAFE Certificate Arborist 
16 D-LIFT F 62 38 Right High school Shop keeper 
17 D-LIFT M 71 17 Right High school (Year 10) Milkman 
18 D-LIFT M 64 225 Right Post-graduate degree Engineer 
19 D-LIFT M 55 23 Left Trade / Apprenticeship Chef 
20 D-LIFT M 59 16 Right Trade / Apprenticeship Carpet layer 
21 D-LIFT M 52 19 Left TAFE Diploma Handyman 
22 D-LIFT M 56 13 Right Post-graduate degree Prof. Radiology 
23 D-LIFT M 69 82 Right Post-graduate degree Financial Advisor 
24 D-LIFT M 35 7 Right Post-graduate degree IT Consultant 
25 D-LIFT M 58 16 Right TAFE Certificate Salesman 
26 D-LIFT M 43 14 Right Undergraduate degree Quarantine inspector 
27 D-LIFT M 72 22 Right Post-graduate degree Professor 
28 D-LIFT F 71 7 Right Primary / Middle school Hospitality 
29
*
 D-LIFT M 54 21 Right Trade / Apprenticeship Mining supervisor 
30
*
 D-LIFT F 77 4 Right Primary / Middle school Home duties 
Note. ID = Participant identification number; * Participant withdrew from study; LIFT = intensive therapy 
condition; D-LIFT = distributed therapy condition; TPO = Time Post Onset (months). 
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Appendix I. Individual participant language profiles at pre-therapy assessment.   
ID Group CAT 
Spoken 
Comp 
(56) 
CAT 
Written 
Comp    
(59) 
CAT 
Repetition 
(59) 
CAT 
Nonword 
Repetition 
(10) 
CAT  
Digit-span 
(14) 
CAT 
Naming 
(62) 
CAT 
Reading 
(57) 
CAT 
Writing 
(57) 
CAT 
Severity 
(62.9) 
Lexical-
semantic 
processing 
(60) 
Mean 
Baseline 
Naming 
(309) 
Locus of 
Break-down 
1 LIFT 61 65 66 9 7 60 59 61 61.6 59 204.7 SS-POL 
2 LIFT 59 55 56 6 7 53 51 52 53.7 55 109.7 SS-POL 
3 LIFT 51 47 45 2 6 43 47 48 46.8 47 20.3 SS-POL 
4 LIFT 46 46 43 2 2 35 42 49 45.1 45 5.3 SS 
5 LIFT 55 57 52 7 4 62 50 60 56.8 59 216.3 SS-POL 
6 LIFT 60 51 53 2 7 55 46 49 53.5 56 217.3 SS-POL 
7 LIFT 46 41 45 2 2 42 44 44 43.9 35 30.0 SS 
8 LIFT 44 43 47 2 2 54 49 48 48.5 40 110.0 SS-POL 
9 LIFT 50 48 48 10 3 47 38 47 45.8 51 32.0 SS 
10 LIFT 50 51 54 8 3 57 50 49 52.0 56 140.3 SS 
11 LIFT 61 57 72 10 7 59 56 56 60.5 54 148.7 SS-POL 
12 LIFT 41 46 39 0 0 40 46 48 43.5 43 3.0 SS 
13 LIFT 60 49 62 8 3 57 59 59 56.0 49 137.3 SS-POL 
14 D-LIFT 30 35 46 4 3 47 46 39 40.5 10 34.3 SS 
15 D-LIFT 63 63 45 0 3 56 50 57 54.3 58 156.7 POL 
16 D-LIFT 36 51 42 2 2 43 45 50 45.9 47 16.3 POL 
17 D-LIFT 45 45 46 6 3 49 53 45 48.4 46 43.0 SS 
18 D-LIFT 56 50 51 6 4 56 50 52 52.8 51 161.7 SS-POL 
19 D-LIFT 56 51 52 4 2 55 51 47 50.4 55 205.3 SS-POL 
20 D-LIFT 51 37 72 10 7 50 46 51 51.4 28 78.0 SS-POL 
21 D-LIFT 61 58 57 10 6 53 54 58 56.3 56 157.7 SS-POL 
22 D-LIFT 50 53 49 8 2 54 48 51 50.9 56 169.0 SS-POL 
23 D-LIFT 56 52 52 6 4 55 53 50 52.1 54 153.7 SS-POL 
24 D-LIFT 50 46 60 10 7 48 50 54 51.1 42 45.0 SS-POL 
25 D-LIFT 60 62 53 6 5 54 48 54 54.6 56 124.7 POL 
26 D-LIFT 60 56 59 8 5 58 53 57 55.6 60 206.7 SS-POL 
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ID Group CAT 
Spoken 
Comp 
(56) 
CAT 
Written 
Comp    
(59) 
CAT 
Repetition 
(59) 
CAT 
Nonword 
Repetition 
(10) 
CAT  
Digit-span 
(14) 
CAT 
Naming 
(62) 
CAT 
Reading 
(57) 
CAT 
Writing 
(57) 
CAT 
Severity 
(62.9) 
Lexical-
semantic 
processing 
(60) 
Mean 
Baseline 
Naming 
(309) 
Locus of 
Break-down 
27 D-LIFT 45 48 48 7 3 53 49 48 46.5 45 104.7 SS 
28 D-LIFT 48 54 47 5 3 52 48 49 50.9 58 122.3 SS 
29 D-LIFT 62 62 53 6 3 59 50 65 60.6 56 268.0 SS-POL 
30 D-LIFT 58 56 52 0 5 56 47 69 56.2 60 181.7 POL 
Note. ID = participant identification number; LIFT = Intensive therapy condition; D-LIFT = Distributed therapy condition; (score) = cut-off for non-aphasic 
performance; Bold = scores above cut-off; SS = Semantic impairment; POL = Phonological impairment; SS-POL = impairment in mapping semantics to phonology.   
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Appendix J. Individual participant language profiles at pre-therapy assessment.  
ID Group CAT 
Spoken 
Comp 
(56) 
CAT 
Written 
Comp    
(59) 
CAT 
Repetition 
(59) 
CAT 
Naming 
(62) 
CAT 
Reading 
(57) 
CAT 
Writing 
(57) 
CAT 
Severity 
(62.9) 
Lexical-
Semantics 
(60) 
Mean 
Baseline 
Naming 
1 LIFT 61 65 66 60 59 61 61.6 59 204.7 
2 LIFT 59 55 56 53 51 52 53.7 55 109.7 
3 LIFT 51 47 45 43 47 48 46.8 47 20.3 
4 LIFT 46 46 43 35 42 49 45.1 45 5.3 
5 LIFT 44 31 56 46 42 42 43.5 27 55.3 
6 LIFT 59 56 53 55 55 56 54.9 56 118.0 
7 LIFT 53 60 58 57 54 58 57.1 56 103.3 
8 LIFT 55 57 52 62 50 60 56.8 59 216.3 
9 LIFT 60 51 53 55 46 49 53.5 56 217.3 
10 LIFT 46 41 45 42 44 44 43.9 35 30.0 
11 LIFT 44 43 47 54 49 48 48.5 40 110.0 
12 LIFT 57 53 61 60 57 62 59.1 55 219.0 
13 LIFT 50 48 48 47 38 47 45.8 51 32.0 
14 LIFT 50 51 54 57 50 49 52.0 56 140.3 
15 LIFT 61 57 72 59 56 56 60.5 54 148.7 
16 LIFT 41 46 39 40 46 48 43.5 43 3.0 
17 D-LIFT 30 35 46 47 46 39 40.5 10 34.3 
18 D-LIFT 63 63 45 56 50 57 54.3 58 156.7 
19 D-LIFT 36 51 42 43 45 50 45.9 47 16.3 
20 D-LIFT 45 45 46 49 53 45 48.4 46 43.0 
21 D-LIFT 56 50 51 56 50 52 52.8 51 161.7 
22 D-LIFT 56 51 52 55 51 47 50.4 55 205.3 
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ID Group CAT 
Spoken 
Comp 
(56) 
CAT 
Written 
Comp    
(59) 
CAT 
Repetition 
(59) 
CAT 
Naming 
(62) 
CAT 
Reading 
(57) 
CAT 
Writing 
(57) 
CAT 
Severity 
(62.9) 
Lexical-
Semantics 
(60) 
Mean 
Baseline 
Naming 
23 D-LIFT 51 37 72 50 46 51 51.4 28 78.0 
24 D-LIFT 61 58 57 53 54 58 56.3 56 157.7 
25 D-LIFT 50 53 49 54 48 51 50.9 56 169.0 
26 D-LIFT 56 52 52 55 53 50 52.1 54 153.7 
27 D-LIFT 50 46 60 48 50 54 51.1 42 45.0 
28 D-LIFT 60 62 53 54 48 54 54.6 56 124.7 
29* D-LIFT 62 62 53 59 50 65 60.6 56 268.0 
30 D-LIFT 60 56 59 58 53 57 55.6 60 206.7 
31* D-LIFT 58 56 52 56 47 69 56.2 60 181.7 
32 D-LIFT 45 48 48 53 49 48 46.5 45 104.7 
33 D-LIFT 59 57 60 64 66 69 63.0 54 227.0 
34 D-LIFT 48 54 47 52 48 49 50.9 58 122.3 
Note. ID = participant identification number; LIFT = Intensive therapy condition; D-LIFT = Distributed therapy condition; CAT = Comprehensive Aphasia Test; (score) 
= CAT cut-off for non-aphasic performance; Bold = scores above cut-off; SS = Semantic impairment; POL = Phonological impairment; SS-POL = impairment in 
mapping semantics to phonology; * withdrew from study. 
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Appendix K. Individual participant cognitive profiles at pre-therapy assessment. 
ID Group TEA 
(max = 7) 
TEA/D 
 (max = 10) 
HVLT/T  
(max = 36) 
HVLT/D  
(max = 36) 
BVMT/T  
(max = 36) 
BVMT/D  
(max = 36) 
BVMT/L  
(max = 12) 
Digit 
Span  
(forward) 
Digit 
Span  
(reverse) 
D-KEFS  
Trails 
(switching) 
D-KEFS  
Sorting 
(total sorts) 
D-KEFS  
Sorting 
(description) 
1 LIFT 7 10 12 1 14 2 0 7 5 3 6 23 
2 LIFT 7 5 9 2 13 5 1 7 2 2 7 26 
3 LIFT 7 4 9 n/a 13 4 5 6 3 1 6 0 
4 LIFT 7 10 2 1 19 9 6 2 2 8 6 6 
5 LIFT 6 4 10 0 0 0 0 5 2 1 2 0 
6 LIFT 6 2 22 6 13 3 5 5 3 2 6 21 
7 LIFT 7 8 20 5 27 10 4 4 5 6 7 22 
8 LIFT 7 9 30 11 30 8 3 4 4 7 11 36 
9 LIFT 7 8 20 6 12 6 4 7 2 5 9 32 
10 LIFT 4 3 8 0 9 4 2 2 0 1 5 0 
11 LIFT 6 2 10 1 6 2 1 2 2 1 5 12 
12 LIFT 7 10 18 5 24 8 3 7 4 9 8 30 
13 LIFT 7 6 6 1 6 2 2 3 2 1 8 0 
14 LIFT 7 1 10 0 21 10 4 3 2 1 7 13 
15 LIFT 7 10 19 5 34 12 2 7 6 7 9 34 
16 LIFT 7 2 1 0 16 7 3 0 0 2 4 0 
17 D-LIFT 6 4 2 0 4 2 0 3 0 1 2 0 
18 D-LIFT 5 6 23 10 30 11 3 3 4 6 9 28 
19 D-LIFT 6 4 5 2 9 2 2 2 0 1 6 4 
20 D-LIFT 2 2 7 2 15 6 2 3 2 2 3 2 
21 D-LIFT 7 9 11 3 21 11 7 4 4 9 7 25 
22 D-LIFT 4 4 16 5 9 4 6 2 2 1 4 11 
23 D-LIFT 6 2 13 0 11 7 4 7 4 1 7 4 
24 D-LIFT 7 4 8 4 19 6 1 6 3 1 8 9 
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ID Group TEA 
(max = 7) 
TEA/D 
 (max = 10) 
HVLT/T  
(max = 36) 
HVLT/D  
(max = 36) 
BVMT/T  
(max = 36) 
BVMT/D  
(max = 36) 
BVMT/L  
(max = 12) 
Digit 
Span  
(forward) 
Digit 
Span  
(reverse) 
D-KEFS  
Trails 
(switching) 
D-KEFS  
Sorting 
(total sorts) 
D-KEFS  
Sorting 
(description) 
25 D-LIFT 6 1 14 6 29 12 6 2 2 1 7 12 
26 D-LIFT 7 5 14 3 15 3 5 4 2 4 7 4 
27 D-LIFT 7 10 10 0 16 10 7 7 4 4 8 5 
28 D-LIFT 7 3 14 6 17 9 4 5 4 1 6 19 
29* D-LIFT 4 1 28 9 27 11 6 3 3 1 9 34 
30 D-LIFT 7 2 18 9 23 12 9 5 4 7 8 22 
31* D-LIFT 5 5 10 6 23 12 1 5 5 3 6 15 
32 D-LIFT 6 2 11 3 3 0 0 3 0 2 4 0 
33 D-LIFT 7 3 13 3 6 3 2 7 6 1 3 8 
34 D-LIFT 7 5 13 2 7 6 2 3 4 2 9 22 
Note. ID = participant identification number; LIFT = Intensive therapy condition; D-LIFT = Distributed therapy condition; Bold = scores above cut-off; TEA = Test of 
Everyday Attention (elevator counting subtest); TEA/D = Test of Everyday Attention with distraction (elevator counting with distraction subtest); HVLT/T = Hopkins 
Verbal Learning Test-Revised (total score); HVLT/D = Hopkins Verbal Learning Test-Revised (delayed score); BVMT/T = Brief Visuo-spatial Memory Test-Revised 
(total score); BVMT/D = Brief Visuo-spatial Memory Test-Revised (delayed score); BVMT/L = Brief Visuo-spatial Memory Test-Revised (learning score); D-KEFS 
Trails (switching) = Delis-Kaplan Executive Function System Test (trail making test, number-letter switching scaled score); D- KEFS Sorting (total sorts) = Delis-
Kaplan Executive Function System Test (sorting test, confirmed sorts raw score); D-KEFS Sorting (description) = Delis-Kaplan Executive Function System Test 
(sorting test, description raw score). 
